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DEFINITIONS AND ABBREVIATIONS USED IN THIS THESIS 
Abdominal pattern of 
mic tur i t ion 
After-contract ion 
Assisted detrusor mic-
t u r i t i o n 
Base plate 
Ch. 
Compressive zone 
Continence line 
Continuous unstable 
contractions 
definite sphincter 
incontinence 
Detrusor incontinence 
Discontinuous unstable 
contractions 
= micturition which occurs solely under the in-
fluence of actively raised intra-abdominal pres-
sure. 
= a continuing "reverberation" of the detrusor 
after the end of the flow. 
= micturition initiated by detrusor contraction 
and urinary flow assisted by active increase 
in intra-abdominal pressure. 
= middle circular smooth muscle layer of the 
bladder together with the deep trigone. 
= Charrière; a urological standard in diameter 
of a catheter. 1 mm = 3 Ch. 
= the region from the bladder neck to the point 
of maximum urethral pressure. 
= the point below which fluid that comes into the 
urethra does not return into the bladder, but 
escapes via the external meatus. 
= unstable contractions which were seen after 
filling of the bladder from 0 -»• 200 ml and also 
after filling from 200 ml -»-400 ml. 
= demonstrable urinary incontinence at urodynamic 
investigation, caused by sphincter weakness 
alone. 
= (urgency, urge incontinence. Reizblase, unsta-
ble bladder, hyperactive bladder) inability to 
prevent loss of urine per urethram in combina-
tion with a strong desire to void; it may be 
motor in type with demonstrable detrusor con-
tractions, or sensory in type without such con-
tractions. 
= unstable contractions which only were seen af-
ter filling the bladder from 0 + 200 ml or from 
200 ml -* 400 ml. 
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Dropping floor type of 
micturition 
EMG 
Flowtime 
I.CS. 
Intravesical pressure 
Intrinsic intravesi-
cal pressure 
Latent time 
Maximum flow rate 
Mean flow rate 
Micturition pressure 
Micturition time 
Mixed incontinence 
Opening time 
Parity 
Probable sphincter in-
continence 
Provoked detrusor mic-
turition 
X-CCR 
micturition which occurs only by lowering the 
intraurethral pressure without any change in 
intravesical pressure. 
electromyography 
duration of one flow peak 
International Continence Society 
the pressure recorded inside the bladder,i.e. 
hydrostatic pressure plus detrusor pressure 
plus intra-abdominal pressure 
the intravesical pressure after subtraction 
of the intrarectal pressure 
the time between the instruction to micturate 
and the beginning of flow 
the highest amplitude of the urinary flow in 
one micturition process 
the micturated volume divided by the total 
duration of micturition 
the amplitude of the intrinsic intravesical 
pressure at the moment of maximum flow 
time from the beginning of the urinary flow 
to the end of micturition 
a combination of sphincter and detrusor incon-
tinence 
time from the start of the detrusor contrac-
tion to the start of flow 
(P) the number of children a women has borne 
after a duration of pregnancy of 28 weeks 
the urodynamic investigation showed no abnor-
malities, urinary incontinence was not recor-
ded, but was not impossible 
a raised intra-abdominal pressure triggers off 
the micturition process; the intra-abdominal 
pressure decreases after the beginning of the 
flow 
cysto-urethro-colpo-recto-hystero-graphy 
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Pure detrusor mictu-
rition 
Resting intrinsic in-
travesical pressure 
SCIPP-line 
Sphincter incontinen-
ce 
Spontaneous flow 
Stable bladder 
Time to maximum flow 
Trigonal canal 
Unstable contraction 
Urethral pressure pro-
file 
micturition proceeds only under the influence 
of the detrusor; relaxation of the pelvic floor 
muscles 
the intravesical pressure after subtraction of 
the intrarectal pressure in the absence of a 
detrusor contraction 
an aid in reading cysto-urethro-colpo-hystero-
rectographies; a line ; name formed from the 
initial letters of Sacro Coccygeal Inferior 
Pubic Point 
(diurnal incontinence, orthostatic incontinen-
ce, stress incontinence) involuntary loss of 
urine per urethram whenever the intravesical 
pressure exceeds the maximum urethral pressure 
in the absence of detrusor activity 
micturition without pressure measurement; the 
patient micturates only into the collector of 
the flow meter 
a bladder which does not contract until the 
first desire to void occurs with a normal blad-
der capacity 
the time from the commencement of flow to the 
time the flow reaches its maximum rate 
a radiological anatomical unit of the urinary 
bladder, created near the end of voiding by the 
shortening of contracting muscle fibers of the 
bladder base plate which tug at and elevate 
the opposing walls of the base plate to a ver-
tical position 
undulating wave complexes of detrusor pressure 
occurring spontaneously or after provocation 
and excluding the detrusor pressure complexes 
during micturition, involuntary in character; 
in the presence of more than one contraction 
the greatest amplitude is read 
a graph of the intraurethral pressure against 
urethral length 9 
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CHAPTER I 
ANATOMY AND PHYSIOLOGY OF THE 
FEMALE BLADDER AND URETHRA 
1.1. THE BLADDER 
The investigation of the structure and function of the lower 
female urinary tract gave rise in the last twenty years to a constant 
flood of publications, from which a greater insight into the complex 
filling and emptying procedure of the urinary bladder was obtained. 
Regarding the structure and function of the bladder detrusor muscle, 
the urethra and surrounding structures, much information was obtained 
to explain the complex mechanism of continence and incontinence. 
Many fundamental facets are, however, still imperfectly understood. 
In the old writings of GALENUS (200 years B.C.), LEONARDO 
DA VINCI and VESALIUS in the early renaissance period one can find 
descriptions of the urinary bladder with drawings which, though 
artistically executed, are poor reflections of the working structure 
thereof. 
Even later investigators such as ELLIOTT (1907), TANAGHO (1966,1968, 
1970), HODGKINSON (1970) and HUTCH (1972) did not completely solve 
the problem of bladder function. 
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Rontgenological and electronic techniques were used to further the 
understanding of bladder, bladder neck and urethra. 
Thus the balloonshaped resting bladder with funnelshaped base as des-
cribed by VESALIUS changed to a more or less triangular shaped organ 
with a flat base when viewed laterally (GREEN, 1968, HUTCH, 1972). 
Though HUTCH (1972) ascribes the earlier descriptive mistakes to the 
use of autopsy material as distinct from in vivo investigations this 
is, in fact, doubtful since, with the exception of obstructive 
bladder lesions and diseases of the central nervous system, the bladder 
is emptied in the last stages of human existence. 
Much attention was paid to the bladder base, trigone and bladder neck 
(JEFFCOATE, 1952, HODGKINSON, 1958, NOREL, 1956) in an attempt to find 
a sphincter mechanism at this level. 
Bladder and urethra are not anatomically separate structures, but 
exist in continuity as can be understood from their embryological 
development (DE BRUIN, 1958). 
Bladder and urethra have the same embryological origin from the uro-
genital sinus. The Wolffian duct is also important in this process. 
From the Wolffian duct a bulge, the ureteric bud, develops which is 
joined up with the mesonephric blastema. From this develops the ureter 
with its own opening into the urogenital sinus, later the bladder. 
The Wolffian duct retains its own, separate opening into the uro-
genital sinus. Regarding the method whereby separation of the ureter 
and Wolffian duct occurs which results in their separate openings into 
the urogenital sinus, there remains some controversy (KARAMAT ALI,1965). 
The bladder develops from the cloaca. First, a septum develops 
cramally to caudally from the uroentenc region of the cloaca. 
This is the urorectal septum. When this process is completed.the cloaca 
is divided into primitive rectum and urogenital sinus. 
By proliferation of the genital tubercle in the direction of the uro-
genital sinus a narrowing occurs distally in the urogenital sinus. 
We now have a urogenital sinus in the strict sense, with a pars 
pelvina and pars membranacea urethrae. The upper part of the uro-
genital sinus becomes the bladder. During this process the final part 
of the Wolffian duct is enclosed in the posterior wall of the uro-
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genital sinus, by which the Wolffian duct and the ureter each obtain 
their own openings in the urogenital sinus. The openings of the 
Wolffian duct and the ureter diverge while in the posterior wall of 
the urogenital sinus an area of mesoderm is developing in the centre 
of the entodermal tissue of the urogenital sinus. 
In the twelfth week of fetal development the characteristic layers of 
the adult bladder and urethra are recognisable. Especially in the 
female, who is not burdened by the development of a prostate gland, 
the common origin of bladder and urethra are easily recognisable. 
Regarding the development of the male bladder and urethra in whom the 
urethal epithelium immediately above and below the opening of the meso-
nephric duct becomes the prostate gland, we shall not become further 
involved. 
In the works of VERSARI at the end of the nineteenth century mention 
is made of smooth muscle of the bladder and urethra. VERSARI showed 
that the smooth muscle of the trigone was continuous with that of the 
urethra especially in the pars anterior and pars posterior. 
He was of the opinion that the internal sphincter was formed by the 
smooth muscle of the trigone. The remaining fibers of the detrusor 
muscle thus played no active role. KALISCHER in 1900 was of the same 
opinion (HUTCH, 1972). 
The detrusor muscle of the bladder working as a single unit (W00DBURNE, 
1960) should consist of all three layers of smooth muscle. This is not 
entirely true. The three separate layers are only found in the region 
of the bladder neck. In the rest of the bladder the fibers are inter­
mingled. 
In the bladder neck no intact circular muscle layer can be found. 
An anatomical entity with sphincter function round the bladder neck is 
disputed by many (TANAGhO, 1966, GLEASON, 1974). 
At the present moment there is universal agreement that the bladder 
wall especially in the region of the trigone consists of three layers : 
a. an inner longitudinal layer 
b. a middle circular layer 
с an outermost longitudinal layer 
(KRANTZ, 1951, W00DBURNE, 1960, ZACHARIN, 1963, TANAGHO, 1966). 
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The middle circular layer shows on the ventral side just above the 
internal meatus a concentration of muscle fibers which spread dorsally 
and cramally over the bladder and come in close contact with the deep 
trigone. 
WESSON AND YOUNG (19¿0)did not distinguish between deep and superficial 
trigone, (HUTCH, 197¿), but defined the trigone as a structure on the 
bladder base between the bladder neck and the ureteric orifices, 
bordered lateralTy by the muscle of BELL and superiorly by MERCIER's 
bar. 
Present opinion divides the trigone into superficial and deep layers 
(HUTCH, 1966, TANAGHO, 1974). 
The superficial trigone is a direct continuation of the ureters and 
proceeds to the urethra as the crista urethral is. The deep trigone 
corresponds to the middle circular layer of smooth muscle, and is 
rolled up in both apices forming the sheath of WALDEYER around the 
ureter (TANAGHO, 1963). The ureter seems to perforate the bladder wall 
via this sheath. 
HUTCH (1966) suggested that the deep trigone continues in a similar 
manner downwards behind the bladder neck in the posterior wall of the 
urethra. Thus there is a continuity between the deep trigone and the 
urethra. This is manifested in the urethra as the outer smooth muscle 
layer (ENHuRNING, 1961). The resemblance between the thick muscle layer 
of the deep trigone and the thick construction of the urethral wall 
could also be explained from this fact. 
The investigations of DIXON (1975) suggested however that the smooth 
muscle of the bladder is not in continuity with that of the urethra. 
The upper border of the deep trigone forms a transverse ridge,corres-
ponding with the so called "MERCIER's bar", while the muscle of BELL 
on the other hand is a continuity of the ureteric musculature in the 
superficial trigone (HUTCH, 1972) 
It seems probable that the deep trigone is a direct continuation of 
the sheath of WALDEYER (HUTCH, 1966, TANAGHO, 1966). HUTCH ascribes 
a sphincter function to the smooth muscle fibers of the middle circular 
layer. The presence of such a concentration of fibers on this level, 
which are not continuous with the urethra, suggest a sphincter 
mechanism. 
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Fig. 1. Outer longitudinal muscle Fig. 2. Bladder base in relaxation. 
layer and deep trigone 
(Fig. 1. and 2. : From HUTCH. Anatomy and physiology of the bladder 
trigone and urethra, 1972. Courtesy of Appleton-Century-Crofts, 
Publishing Division of Prentice-Hall, Inc. New York, USA) 
This middle circular smooth muscle layer, together with the trigone, 
is referred to by HUTCH (1965) as the base plate of the bladder. 
He suggests that while the base plate is flat, micturition is im-
possible. The middle circular layer and the deep trigone keep the 
bladder neck closed, since the apex of the trigone is pushed forewards. 
In the formation of the sphincteric mechanism not only the middle 
circular layer and the deep trigone play parts, but the outer longi-
tudinal layer is also important. In the outer longitudinal layer an 
anterior, a medial, and a latero-posterior part can be distinguished. 
The anterior part of this layer forms a complex of muscle fibers with 
transverse components, found precervically, and called the precervical 
arch. On contraction of the bladder this part moves steeply forwards 
and upwards. 
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The medial portion of the outer longitudinal muscle layer pulls, on 
contraction, the posterior-most part of the base plate upwards, and 
the apex of the deep trigone is pulled out of the concave detrusor 
loop. The lateral posterior part of the outer logitudinal layer en-
circles the urethra on the anterior side and contact is made here with 
the precervical transverse arch on the urethrovesical junction. Upon 
contraction of the latero-posterior part of the longitudinal muscle the 
bladder base plate is pulled out of its flat resting position on the 
ventral side,and HUTCH (1965, 1966, 1972) believed that when the base 
plate is no longer flat, micturition is about to commence (JEFFCOATE, 
1952, GREEN, 1968). 
Since the first rontgenological studies of the bladder made in 1905 
by WULFF (VON BLUM, 1920, LUND, 1957) the further studies of MUELLNER, 
1949, ROBERTS, 1952, JEFFCOATE, 1952, 1954, H0DGKINS0N, 1953 and 
HINMAN, 1954 have given us a whole new concept of the bladder neck and 
base configuration. They made not only antero-postenor pictures but 
also lateral cystourethrograms and supported HUTCH in his theory of 
the importance of the flat base plate associated with continence. 
The bladder base, especially in older children remained flat at rest. 
The urethra arises in this flat plate, dividing the base plate into a 
ventral and dorsal part, the dorsal part being the greater. 
Micturating cystourethrograms showed a funnel ing of the base plate 
(MUELLNER, 1949). 
The upper, dorsal part moves forewards and upwards, and the lower 
ventral part moves downwards and backwards. Thus the so called trigonal 
canal of SHOPFNER (1967) arises The formation of the trigonal canal 
was considered to herald the beginning of micturition (MUELLNER,1949, 
ENHuRNING, 1964). The bladder wall contributes two centimeters to the 
base plate on the ventral side, wh^le the posterior portion is formed 
entirely from the deep trigone. TANAGHU (1966) reported condensations 
of the middle circular smooth muscle layer in the anterior portion of 
the base plate. These had been called the fundus-ring by UHLENHUTH and 
HUNTER, and earlier anatomical dissections by HEISS in 1915 had al-
ready labelled them the HEISS-ring (HUTCH, 1972). Continence exists 
while the base plate remains intact. The middle circular smooth muscle 
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layer-the fundus ring- on the anterior and lateral sides, and the 
posterior portion of the base plate-the deep trigone- hold the bladder 
closed at rest. 
At micturition the trigonal canal is formed. The latent interval at the 
beginning of a normal micturition (ZINNER, 1963, FRIMODT-M0LLER,1974) 
-three to four seconds- could be explained by this time consuming 
funneling procedure (HUTCH, 1965). 
Opening of the bladder neck is ascribed by TANAGHO (1966) to con-
traction of the superficial trigone together with the innermost longi-
tudinal smooth muscle layer of the bladder in cooperation with the 
condensation of smooth muscle fibers of the middle circular layer and 
the deep trigone. 
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1.2. THE URETHRA 
The urethral structure is characterised by a mucosa with a 
surrounding muscular layer. This layer consists of circular smooth 
muscle fibers as the inner layer and longitudinal smooth muscle as the 
outer layer. 
Further, much elastic tissue is found which has a supporting function. 
During its course, the urethra passes through the urogenital diaphragm 
which is a part of the pelvic floor. A part of the pelvic floor muscu-
lature runs around the urethra and forms the striated muscular layer 
which is the external sphincter (DOYLE, 1975). 
According to TANAGHO (1971) this sphincter provides 50% of the urethral 
closing pressure. However continence is provided by the closing 
pressure of the smooth muscles alone without help from the striated 
muscle. During a sudden rise in intra-abdominal pressure the striated 
muscles are contracted as an extra mechanism against incontinence. 
The distal urethral sphincter probably works in coordination with the 
anal sphincter (CARDUS, 1963, ALLERT, 1968, MARBERGER, 1971) i.e. the 
transverse perineal and levator ani muscles. 
The urethral sphincter mechanism formed from smooth muscle fibers is 
present over the whole length of the urethra, and works synchronously 
with the striated muscles in the midportion of the urethra. However 
the maintenance of continence is the responsibility of the proximal 
portion of the urethra. That portion lying under the urogenital dia-
phragm does not belong to the zone which controls continence (SCHREITER, 
1975). 
At rest the urethra is completely closed from birth to death except for 
those moments when fluid from the bladder finds its way to the meatus 
externus (HUTCH, 197Ü). 
The whole urethra is surrounded by ligaments and structures formed 
from fascia, which are important for the efficient working thereof, 
and which DE BRUIN (1958) called the "para-urethrium" (NICHOLS, 1973, 
BATES, 1973). 
The bladder neck, including the so called urethrovesical junction, is 
functionally a competent sphincter, however it must be emphasised that 
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there are no circumscript circular sphincter muscle fibers (DE BRUIN, 
1958, TANAGHO, 1966, BATES, 1971, GLEASON, 1974). 
In order to remain continent the pressure within the urethra must 
remain greater than the pressure within the bladder (ENHÜRNING, 1961, 
BECK, 1964, 1966). Should the intra-abdominal pressure rise suddenly 
above the pressure in the urethra, incontinence results (DUTTON, 1960). 
A poor transmission of a rise in intra-abdominal pressure to the 
urethral lumen can be ascribed to a poor supporting mechanism around 
the urethra-slackness of the paraurethral fascia and ligaments. 
The passive intra-urethral pressure is formed by transmitted intra-
abdominal pressure upon that part of the urethra above the urogenital 
diaphragm (SCHÄFER, 1975). This applies only to the upper half to 
twothirds of the anatomical length of the urethra, a length referred 
to as the functional length. 
The intra-urethral pressure is raised further than the above "passive" 
pressure by the resistance of the urethral wall itself (JONAS, 1975). 
The urethral resistance is provided by the smooth and striated muscles 
and connective tissue. ENHÜRNING (1961) showed that the intra-urethral 
pressure decreases with age, but is unaffected by parity. In sphincter-
incontinence a lower intra-urethral pressure is found. Not only the 
muscles, but also the blood vessels, especially the venous plexus, 
exert a sphincteric action (DE BRUIN, 1958, ENHURNING, 1961, BECK, 
1974). Thus one can explain the beneficial effect of exogenous estro-
gens on sphincterincontinence in the older age groups. The resultant 
improvement in vascularisation and epitheliasation will cause a rise 
in intra-urethral pressure. 
The urethral wall exercises a pressure on the fluid entering the 
urethra at the time of micturition or during perfusion by a catheter. 
Whenever a catheter with side holes is inserted into the urethra the 
flow of perfused fluid, via these holes, will cease when the perfusion 
pressure equals the intra-urethral pressure (LAPIDES, 1960, EDWARDS, 
1974, BROWN, 1975). 
According to GHONEIM (1975) the pressure in the urethra drops immediate-
ly before the beginning of micturition. Filling of the bladder gave a 
rise in intra-urethral pressure. This could be explained by an in-
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creased tension in the urethral wall secondary to stretching of the 
bladder detrusor muscle. Measurement of intra-urethral pressure by the 
method of HEIDENREICH (1975) using an open tip catheter with simul-
taneous perfusion, the openingpressure of the urethra is determined. 
This pressure is that at which the perfusion pressure exceeds the intra-
urethral pressure. By using a catheter with side holes (BROWN& WICKHAM, 
1969) the urethral wall tension is measured against the perfusion 
pressure. 
An other method was described by ENHCRNING (1961). A balloon catheter 
was inserted in the urethra, and the resistance thus measured. 
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1.3. INNERVATION OF THE BLADDER, URETHRA AND PELVIC FLOOR 
In the large study of ELLIOTT in 1907 regarding the innervation 
of the bladder and urethra in the cat, dog, rabbit and other animals 
it was shown that zoological kinship was of slight determinant value 
for the varieties of bladder innervation. The nature of nerve supply 
in man cannot be deduced from what was found in animals. The physio-
logical innervation of the bladder differs from animal to animal, even 
as the anatomy does. 
ELLIOTT found that in all mammals the pelvic visceral, or sacral,nerves 
cause the whole bladder to contract, and sometimes also inhibit the 
sphincter. He described how autonomic bladder function is retained 
following transverse section of the spinal cord. The centre for these 
functions is situated in the vesical plexus. 
The vesical plexus is a part of the pelvic plexus. The pelvic plexus 
in women is situated lateral to the rectum and uterus and consists of 
the uterovaginal plexus, which supplies the uterus and a part of the 
vagina with some branches going to the clitoris and the cavernosus 
muscles of the clitoris. The second part of the pelvic plexus is the 
haemorrhoidal plexus, which supplies the rectum. The vesical plexus 
supplies the bladder with superior and inferior vesical nerves. 
The urethra is also supplied by branches of the latter nerve. The 
vesical plexus has connections with the pelvic nerve. The pelvic nerve 
has its origin in the sacral part of the spine in S-2, S-3, and S-4. 
The preganglionic fibers of the pelvic nerve have their synapses and 
ganglia partly outside and partly inside the bladder wall itself. 
While the pelvic nerve belongs to the parasympathetic system, the sym-
pathetic innervation arises in a centre in the lumbar region L-2, L-3 
and L-4. From here fibers originate which meet in the inferior 
mesenteric ganglion. 
From this ganglion fibers run to the vesical plexus. The sympathetic 
fibers are also called the hypogastric nerve. Thus all pre- and post-
ganglionic parasympathetic nerves are connected with the pelvic plexus. 
The separation of the two antagonistic autonomic systems into para-
sympathetic and sympathetic is not reliable in the bladder. 
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ELBADAWI (1974) described close connections between the sympathetic 
and parasympathetic systems. His investigations explain the diver-
sities existing in the literature between the results of various ex-
periments involving the effect of the sympathetic innervation on the 
tone and contraction of the bladder. Overall, however, it would appear 
that the parasympathetic system is more important in the innervation 
of the bladder and the urethra. 
Stimulation of the pelvic nerve causes detrusor contraction. Cutting 
of this nerve results in an autonomic bladder. Even the greatest part 
of the urethral musculature is under the influence of parasympathetic 
nerves. 
On the other hand ELBADAWI (1974) believes that parasympathetic and 
somatic nerves all act on the urethra. 
TANAGHO (1973) showed that the sphincter mechanism is not under sympa-
thetic control. He believed that the changes in response to sympa-
theticomimetics recorded by several investigators could be due to the 
effect of the drugs on blood vessels. 
The urethral smooth musculature is, according to TANAGHO, also under 
parasympathetic control, because it is a continuation of the bladder 
musculature. The urethral striated musculature receives however its 
motor innervation from the pudendal nerve. 
The pudendal nerve arises from S-3 and S-4 and supplies the voluntary 
muscles of the pelvic floor, including those of the urethra. 
DONKER (1976) suggested that the pudendal nerve plays no part in the 
innervation of urethral striated musculature. 
The striated musculature of the pelvic floor includes the deep trans-
verse perineal muscles, which are innervated by the clitoral nerve; 
the ileococcygeal muscle innervated by the pudendal plexus and the 
coccygeal muscle which is innervated by branches of the lower sacral 
nerves. 
BRADLEY (1975) and BOYARSKI (1976) described four separate reflexes 
involved in the micturition reflex. These pathways are described as 
loops I to IV. 
Loop I : the frontal cortex to the pontine-mesencephalic reticular 
formation, for suppression of detrusor contraction. 
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Loop II : from the brain stem reticular formation to the intermedial 
lateral portion of the sacral spinal cord. This pathway 
allows a total evacuation of the bladder contents. 
Loop III : the sacral cord reflex which coordinates bladder neck re-
laxation, urethral dilatation and detrusor contraction. 
Loop IV : pyramidal tracts originating in the motor cortex of the 
frontal lobes and synapsing in the sacral grey matter. 
This loop provides voluntary control of storage and ex-
pulsion. 
In summary, the innervation of the bladder, urethra and their surroun-
ding structures, is, according to the above authors, still not comple-
tely clarified. It has become clear that the adrenergic and cholinergic, 
sympathetic and parasympathetic systems are in close contact with each 
other, the parasympathetic being the most important. 
1.4. SUMMARY 
The detrusor consists of bundles of smooth muscle of varying 
thicknesses in three layers : outer longitudinal layer 
middle circular layer 
inner longitudinal layer. 
This structure is most evident on the base of the bladder. In front 
of the bladderjjutlet is a dense structure of muscle fibers which 
forms the detrusor loop. Primary sphincter action is probably exerted 
by the base of the bladder. 
Bladder and urethra are not separate structures, some muscle fibers 
from the bladder seem tobe continuous with those of the urethral wall. 
The urethra consists of a mucosa, an inner smooth muscle layer and an 
outer longitudinal smooth muscle layer. In the urethra the mucosa 
plays a role in the continence mechanism. 
A complex of blood vessels and elastic tissue is found therein and 
contibutes to the closure mechanism. 
Urinary continence is guaranteed primarily by the base plate and the 
bladder neck, while the urethra forms a secondary defence mechanism. 
The base plate consists of the middle circular smooth muscle layer 
on its anterior and lateral sides, the so called "fundus ring", and 
of the deep trigone on its posterior side. 
At rest the base plate is flat; on micturition a funnel ing of the base 
plate can be seen. 
The most caudal part of the urethra is surrounded by the striated 
fibers of the bulbocavernosus muscle. The striated muscle fibers, 
ligaments and fascial structures surrounding the urethra-the para-
urethrium- also contribute to the continence mechanism. 
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CHAPTER II 
DEFINITIONS AND CLASSIFICATION 
OF INCONTINENCE 
II.1.1. REVIEW SPHINCTER INCONTINENCE 
KELLY described in 1913 stress incontinence as "a peculiar 
form of incontinence of urine which either followed childbirth or came 
on about middle age, not associated with any visible lesions in the 
urinary tract and which occurred as a result of some unusual exertion". 
BONNEY used the name diurnal incontinence in 1923 and MILLIN in 1939 
referred to the condition as orthostatic incontinence (DE BRUIN,1958). 
The term stress incontinence was first used by HOLLAND in 1928 
(DE BRUIN, 1976). ULLERY (19ЬЗ) defined stress incontinence as "the 
loss of urine through the intact urethra, under certain conditions 
which cause an increase in intra-abdominal pressure". ULLERY pointed 
out that stress incontinence arose through two defects: failure of 
the supports of the bladder and urethra to maintain an elongated and 
angulated urethral neck in a normal retropubic position. 
LUND (1957) proposed that stress incontinence occurs when the combined 
resistance of the voluntary and involuntary areas falls below a cer­
tain minimal level. 
DE BRUIN (1958) defined stress incontinence as follows : "If a patient 
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as a result of a sudden rise in intra-abdominal pressure involuntarily 
looses urine via the external urethral orifice", but he changed this 
description in 1959 to : "passive form of urinary loss via the urethra 
that follows a sudden rise in intra-abdominal pressure (stress) where-
by the insufficiency of the closure mechanism becomes manifest." 
YOUSSEF (1958) first used the term " Sphincter incontinence " 
(HODGKINSON, 1965). 
LAPIDES (I960, 1961) ascribed stress incontinence to "the basic defect 
in most cases of stress incontinence is an abnormally short urethra 
or primary urinary sphincter when the patient assumes the standing 
position." 
ENHuRNING (1961) defined stress incontinence as: " a condition in 
which there is adequate urethral closure at rest, but leakage when 
the intra-abdominal pressure is increased by physical stress such as 
coughing." 
HAYDON (1963) differentiated the following sorts of incontinence: 
" 1. Dribbling incontinence associated with anomalies, 
fistulas, or intrinsic pathological conditions of the 
urinary tract. 
2. Urinary incontinence associated with infections of the 
lower urinary tract and neurogenic disturbances. 
3. Dribbling incontinence with intermittant voiding asso-
ciated with neurogenic disturbances of the bladder. 
4. Urinary incontinence associated with abnormalities in 
the abdomen or pelvis. 
5. Urinary stress incontinence associated with anatomic 
changes in the lower urinary tract, deficiencies of 
pelvic floor support and menopausal atrophy." 
HODGKINSON (1965) described stress incontinence as " urine loss from 
transmitted increased pressure." He went on to say that :" deficient 
urinary control falls into two general categories. The first is extrin-
sic, it is caused from sharp waves of increased intra-abdominal 
pressure which are passively transmitted to the bladder and urethra. 
This type properly is designated clinically as stress urinary inconti-
nence, it is characterised by brief spurts of urine usually in the 
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erect subject." 
CLARIDGE (1964) proposed that it was essential to realise that in-
continence was a result of failure of the normal closing mechanism, 
or loss of control over a micturition process. 
LOW (1964) differentiated: "demonstrable urinary incontinence,grade I: 
demonstrable with 200 mis urine in the bladder, and grade II: demon-
strable with 20 mis in the bladder." from."subjective, without demon-
strable incontinence". 
SHELLEY (1965) proposed that in women with stress incontinence: "the 
anatomy of the sphincter mechanism has been damaged in such a way that 
an increase in intra-abdominal pressure is transmitted more efficient-
ly as a urethral dilating force than as a urethral closing force." 
WOLIN (1969) defined stress incontinence as." the accidental passing 
of urine on laughing, coughing, sneezing, or excitement, not related 
to the desire to void." 
ALA KETOLA (1973) classified incontinence as follows: 
1. Incontinence due to functional or anatomical defects or 
diseases in the urinary tract. 
2. Incontinence due to congenital anomalies in the urinary tract. 
3. Incontinence due to spinal lesions. 
1.1. stress incontinence 
1.2. urge incontinence 
1.3. ischuria paradoxa 
1.4. fistulas (ureter, bladder, urethra) 
¿.1. hypospady 
2.2. epispady 
2.3. extrophy of the bladder 
2.4. ectopic ureter ends 
3.1. congenital lesions, e.g. spina bifida occulta 
3.2. acquired lesions, e.g. tabes dorsalis, multiple 
sclerosis, tumors of the spinal cord,and affections of 
the traumatic spinal cord." 
BATES (1971) defined stress incontinence as:"leakage on coughing, 
sneezing, or sudden rise in intra-abdominal pressure due to sphincter 
weakness alone." 
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ALA KETOLA (1973) used the definition."the onset of involuntary urine 
loss by intra-abdominal pressure rise", and goes back one pace in the 
insight previously obtained. 
EDWARDS (1973) remarked that all terminology and classifications con­
fused and advised we should speak of:"true incontinence is that which 
occurs in the absence of urinary tract fistulas or congenital defects 
such as ectopia vesicae or aberrant ureters," and supports the opinion 
of CLARIDGE (1964). 
SOMMERKAMP (1974) divided incontinence into the following types: 
" a. functional. b. anatomical. с neurogenic." 
CASSAMI (1975) classified incontinence as: 
" 1. Stress or "Druck" - incontinence 
2. Urge or "Drang" - incontinence 
3. Combined stress and urge incontinence 
4. Incontinence due to detrusor dyssynergia (bladder insta­
bility) 
5. Neurogenic incontinence 
6. Psychogenic incontinence 
7. Incontinence due to fistulas and congenital anomalies." 
AGERHOLM (1975) proposed to the International Continence Society an­
other classification: 
" 1. Physical incontinence arising from: 
a. disorders of the bladder, lower bowel, and their 
sphincters 
b. disorders of structures anatomically related to bladder, 
bowel and sphincters 
с disorders of nerves and ganglia innervating bladder, 
lower bowel and sphincters 
d. disorders of the spinal cord 
2. Cerebral incontinence arising from: 
a. impaired consciousness 
b. brain damage affecting centres and pathways controlling 
micturition and defaecation 
с intellectual deficit 
d. emotional and behavioural disorders 
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e. nocturnal enuresis 
f. epilepsy 
g. social deficit 
Locomotor incontinence arising from: 
a. impaired mobility in environment 
b. impaired postural mobility 
с impaired manual dexterity". 
II.1.2. DEFINITION OF SPHINCTER INCONTINENCE USED 
IN THIS THESIS 
We have dropped the terra "stress incontinence" in preference 
for that proposed by YOUSSEF in 1958 - SPHINCTER INCONTINENCE, since 
we regard the name sphincter incontinence as having greater diagnostic 
significance than the symptomatic term stress incontinence. 
Stress incontinence may signify: 
a. a symptom 
b. a clinical sign 
c. a condition 
The symptom concerns the complaint of loss of urine under s t ra in; the 
c l i n i c a l sign of stress incontinence is the observation of involuntary 
loss of urine from the urethra fol lowing a r i s e in intra-abdominal 
pressure; the condition is present whenever the fol lowing d e f i n i t i o n 
is f u l l f i l l ed. 
SPHINCTER INCONTINENCE I S : 
INVOLUNTARY LOSS OF URINE PER URETHRAM WHENEVER 
THE INTRAVESICAL PRESSURE EXCEEDS THE MAXIMUM 
URETHRAL PRESSURE IN THE ABSENCE OF DETRUSOR 
ACTIVITY 
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II.2.1. REVIEW OF THE LITERATURE REGARDING 
DETRUSOR INCONTINENCE. 
ROBERTS (1952) used the term "urgency". HODGKINSON (1963) 
defined urge incontinence as "incontinence resulting from irritation 
of the bladder caused by hyperactivity of the detrusor muscle." 
In 1965 HODGKINSON described urge incontinence as:" this type is 
intrinsic, loss.of urine is caused by dyssynergic waves of detrusor-
contraction. The flow is continuous, over a variable, but usually 
brief, period of time in subjects who are either erect or horizontal ." 
JEFFCOATE (1966) defined urge incontinence as follows:" the sphincter 
mechanism is normal, and the fault lies in the function of the 
detrusor muscle or in its control by the nervous system. It represents 
a derangement of the physiology of micturition." 
HEIDENREICH (1975) used for urge incontinence the term:"Reizblase" 
which he described as " a collection of non-inflammatory bladder dys-
functions characterised by hyperactivity of the detrusor." 
VON RÜTTE (1975) divided the "Reizblase" into two categories: 
1. of organic origin: 
a. diseases of the genitalia 
b. postural abnormalities of the uterus and vagina 
с perivesical adhesions 
d. diseases of the brain and spinal cord 
2. psychosomatic and/or endocrine diseases: 
a. pure psychological "Reizblase" 
b. neurohormonal "Reizblase", e.g. u r e t h r i t i s atrophicans. 
SEMM (1975) described "Reizblase" in the fol lowing manner:"The patient 
must empty her bladder more often than two hourly, and th is at a de­
gree of f i l l i n g less than 200 mis; no major pathological or anatomical 
abnormality should e x i s t , and i t is v i r t u a l l y confined to the c h i l d -
bearing age group." 
TURNER-WARWICK (1975) used the name "unstable bladder" and defined 
t h i s as:"a bladder in which detrusor contractions tend to occur 
between voidings, which the patient is unable to i n h i b i t . " 
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TORRENS (1975) suggested the fol lowing d iv is ion of the hyperactive 
bladder to the International Continence Society: 
"a. hypersensitive, i . e . a low functional capacity with no 
unstable contractions 
b. unstable, i .e . spontaneous contractions only on provo­
cation by cough etc. 
с uninhibited hypertonic, i . e . spontaneous contractions 
with a progressively r is ing tonus limb 
d. uninhibited normotonic. i .e . spontaneous contractions 
on f i l l i n g , but a f l a t tonus limb on increasing capacity 
e. sustained hypertonic, i . e . no relaxt ion a f t e r the f i r s t 
spontaneous contract ion. 
I I . 2 . 2 . DEFINITION OF DETRUSOR INCONTINENCE USED 
IN THIS THESES 
In the same manner that we use the term sphincter inconti­
nence because of i t s signif icance as a condit ion, the term urge 
incontinence w i l l be replaced by DETRUSOR INCONTINENCE. 
DETRUSOR INCONTINENCE 15= 
INABILITY TO PREVENT LOSS OF URINE PER URETHRAM 
IN COMBINATION WITH A STRONG DESIRE TO VOID; 
IT MAY BE MOTOR IN TYPE WITH DEMONSTRABLE 
DETRUSOR CONTRACTIONS» OR SENSORY IN TYPE 
WITHOUT SUCH CONTRACTIONS 
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II.3. IHE CONCEPT OF CONTINENCE 
We conclude that continence is a balance between detrusor 
function and outlet resistance of which there are three major 
components: 
a. the bladder neck 
b. the distal urethra 
с the striated musculature. 
COMMENT : 
The definitions of sphincter incontinence and detrusor incontinence 
are thos£ advised by the standardisation committee of the International 
Continence Society (Aachen, Germany, 1975) . 
The terms "stress" and "urge" incontinence will not be used subse-
quently in this thesis. 
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CHAPTER I I I 
METHODS OF INVESTIGATION OF 
INCONTINENCE OF URINE IN WOMEN 
III.1.1. HISTORY 
Before physical examination was performed a detailed history 
was taken. This was done by a member of the specialist team. 
Experience is necessary to ask the correct questions and to inter-
pret the subtle shades of meaning contained in the answers. 
The history was taken at the first out-patient visit by the patient 
and additional use was made of a printed urogynecological checklist. 
The use of this printed questionnaire obliged the investigator, on 
one hand, to ask direct questions precisely, and on the other hand 
had an educational value in the training clinic (ROSS, 1969). 
The questionnaire was composed by analogy with that used by 
HODGKINSON (1963, 1970) and by ROBERTSON (1974). 
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INCONTINENCE CHECK-LIST 
1. do you unintentionally loose urine ? 
2. does it occur every day ^ 
3. do you loose urine for short moments such as when you cough, 
sneeze, jump or lift something ? 
4. do you loose urine while you are walking or when you stand up 
from a lyivng position ? 
5. are you able to stop in the mid-stream of micturition ? 
6. are you wet soon after a spontaneous micturition (within 
30 minutes) ? 
7. do you have to wear plastic pants or towels ? 
8. did the loss of urine begin after a delivery or operation ? 
9. do you cough a lot ? 
10. were you ever operated on for a prolapse or loss of urine ? 
11. do you have a feeling of something coming down ? 
12. do you belong to a sports club ? 
13. do you have to go to the toilet during your shopping ? 
14. did this complaint start during or after the change of life ? 
15. does the sound of running water make you want to pass water ? 
16. do you pass water more than 10 times during the day ? 
17. are you aware of the accidental loss of urine ? 
18. before mictunting do you always have a strong desire to do so ? 
19. as a girl did you have difficulty holding your urine ? 
20. did you wet the bed when you were a child ? 
21. do you have to get up during the night to pass urine ? 
22. do you have pain in the bladder region ? 
23. do you have pain only on micturition ? 
24. have you ever had a bladder or kidney infection ? 
25. is there ever blood in your urine ? 
26. were you ever cathetensed because your urine would not come ? 
27. have you ever had paralysis, polio, low back pain, nervous 
damage, anaemia ? 
28. do you have difficulty holding your motion ? 
29. do you take nerve tablets Ί 
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30. do you feel lonely ? 
31. do you work outside the house ? 
32. i f i t is necessary, are you prepared to have an operation ' 
33. do you have any family problems ? 
34. do you have any d i f f i c u l t y with your sex l i f e 7 
After completion of th is questionnaire a f u l l general history was 
taken. This history made a provisional diagnosis possible To a cer-
ta in degree i t was already possible to d i f fe ren t ia te between sphincter 
and detrusor incontinence and neurogenic bladder disturbances. 
I I I . 1 . 2 . EVALUATION OF THE CHECK-LIST 
Q. I . and 2. 
A certain degree of urinary incontinence is not necessarily pathologi-
cal in the female (H0DGKINS0N, 1970). 
From the investigations of NEMIR and MIDDLETON (1954) and W0LIN(1969) 
it became clear that 16.2% to 45% of young, healthy nulliparae 
occasionally suffered from incontinence of urine ; 53% of a group of 
Primigravidae confessed to sphincter incontinence during pregnancy 
to a slight degree; 40% of the Primigravidae gave a history of 
sphincter incontinence before pregnancy (FRANCIS, 1960). 
The Dutch say as young women :" I have wet my pants laughing !". 
This saying is evidence of the anatomy of the female lower urinary 
tract whereby physiological and pathological conditions overlap These 
points must be borne in mind before submitting a patient to operation. 
Q. 3. 
The loss of urine coincidentally with a sudden rise in intra-abdominal 
pressure must be regarded as a characteristic symptom of sphincter 
incontinence but this incontinence must have an anatomical basis and 
the detrusor mechanism must be stable (NOLL, 1969, TANAGHO, 1974, 
TURNER-WARWICK, 1975). 
The onset of urinary loss immediately following (not synchronously 
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with) a sudden increase in intra-abdominal pressure is unjustly 
attributed to sphincter incontinence since detrusor contraction can 
be stimulated by such a pressure rise and the resulting incontinence 
is thus of the detrusor type (see Fig.5.56,83,102). 
The apparently simple diagnostic question frequently asked by general 
practitioners and gynecologists contains a hidden pitfall (MARCHETTI, 
1956, JEFFCOATE, 1966, M00LGA0KER, 1972). 
Q. 4. 
Change of body position (LAPIDES, 1961) can result in a reaction by 
the detrusor muscle and so can be classified with the so called 
"provocation tests" as described in IV.3.7. 
Q. 5. 
The importance of the ability to halt the micturition process in mid-
stream is based on the possibility that detrusor contractions can 
normally be voluntarily inhibited. Lack of the ability to perform 
this manoeuvre points towards a neurological or detrusor based cause 
for incontinence (TURNER-WARWICK, 1975). 
Q. 6. 
Sphincter incontinence is not related to the degree of filling of the 
bladder while detrusor incontinence and especially neurogenic bladder 
disturbances seem to be associated with the degree of bladder dis-
tension (see IV.12.3.). 
Q. 7. 
The severity of the handicap can be related to the use of protective 
measures. Absence of such measures indicates a slight degree of handi-
cap, but their use does not necessarily signify a pathological 
urinary incontinence ; it may be evidence of an abnormal psyche. 
Q. 8. and 10. 
Deliveries, especially those that were protracted or artificially 
assisted have frequently been implicated as etiological factors in 
sphincter incontinence (INGELMAN-SUNDBERG, 1952, HODGKINSON, 1953, 
ULLERY, 1953, ENHÖRNING, 1961). 
Weakening of the ligaments, and supporting structures including muscle 
damage on the anterior side of the birth canal has been blamed 
(MUELLNER,1949,JEFFCOATE,1952,ZACHARIN,1963,GREEN,1968,NICHOLS,1973). 
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Operative interference to the female internal genitalia can, on the 
other hand, result in detrusor incontinence. It is frequently seen 
after anterior colporrhaphy,vaginal hysterectomy and radical abdomi-
nal hysterectomy. Sphincter incontinence may also result from these 
procedures (WARRELL, 1965, RICHTER, 1972, 1975). 
Q. 9. 
Chronic coughing, which constantly taxes the pelvic floor as does 
elevation of intra-abdominal pressure by neoplasms,-especially ascites 
producing ovarian tumors and large fibroid uteruses,-alters the trans-
mission of pressure to the bladder base, where the primary sphincter 
mechanism of the bladder lies (TANAGHO, 1974, MARTINEZ PInEIRO, 1974, 
TURNER-WARWICK, 1975). 
Q.ll. 
The literature contains many references to the fact that urinary 
incontinence and vaginal prolapse do not necessarily coexist (JEFF-
COATE, 1952, ROBERTS, 1952, NILSEN, 1958, LAPIDES, 1960, LOW, 1964, 
LAZAREVSKI, 1975). 
A prolapse may be of such a degree that micturition spontaneously 
is impossible and the patient must first digitally correct it before 
flow can commence (HODGKINSON, 1970). 
It is important to ask the patient which is her first complaint. The 
small posterior cystocoele which cannot be fully evaluated by use of 
a vaginal speculum gives more difficulties, and must be assessed with 
the help of röntgenological techniques (see III.5.2.). 
Q.12. 
The severity of urinary incontinence can be gauged from the fact that 
a patient has given up her sporting activities. Should she remain 
active on the sporting field it is probable that her complaint of 
involuntary loss of urine is not too severe. 
Q.13. and 16. 
A patient with urinary incontinence will try, by frequently emptying 
her bladder, to remain dry. Frequency of micturition does not 
necessarily therefore indicate an infection or detrusor incontinence-
i.e. an intrinsic bladder lesion- but can be a minor symptom of 
sphincter incontinence. 
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Q.14. 
The menopause and postmenopause are extremely important episodes in 
a women's life. There exists the possibility of depression and of a 
concomitant psychogenic incontinence (MARCHETTI, 1957), sometimes 
too much attention is focused on the complaint of urinary incontinence 
(VON RÜTTE, 1975). 
The patient who suddenly looses her husband at this time of life and 
only then begins to complain of urinary incontinence is striking. On 
the other hand the tissues of the urethra, bladder neck and trigone 
undergo the same withdrawal atrophy -called by KAISER(1975) "dyshor-
monale Reizblase"- as the tissues of the vagina, cervix and uterus. 
It is also important to mention the diminished defence mechanism of 
the atrophic urinary mucosa. 
In our material the peak time for presentation of urinary inconti-
nence is between 45 and 55 years of age. The incidence of detrusor 
incontinence did not diminish in later age groups as has been found 
by SEMM (1975), see Fig. 106. 
Q.15. 
Incontinence induced by the sound of running water, by washing up, 
having a shower or seeing a waterfall indicates a neuromuscular 
detrusor dysfunction (H0DGKINS0N, 1963). 
Oursearch for detrusor incontinence was enhanced by provocation tests 
(see IV.3.7.) in which use was made of running water, wetting the legs 
of the patient with a few mis and the investigator saying "psssss" in 
an attempt to induce incontinence in the patient (see Fig.s 58,59,89, 
90,91 and 92). 
Q.16. 
Frequency of micturition greater than ten times a day is pathological. 
It can be caused by inflammatory lesions of the lower urinary tract, 
by a small bladder capacity with the so called irritable bladder, by 
the polyuria of diabetes mellitus and insipidus, or by the use of 
diuretics. 
Q.17. 
Failure to be aware of loss of urine may indicate a sphincter inconti-
nence, since -according to the definition of sphincter incontinence-
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no detrusor contraction is present. The premonition of urinary loss 
points toward detrusor incontinence. In this context, retention with 
overflow incontinence must not be forgotten. 
Q.18. 
Too strong an urge to void out of proportion to the degree of bladder 
filling tends to indicate detrusor incontinence. A positive response 
to this question must always be qualified by details of the maximum 
capacity and micturition frequency. 
Q.19. and 20. 
Juvenile urinary incontinence and nocturnal enuresis is suggestive of 
a primary urological lesion. 
If the history should indicate this, operative interference, as is 
the case with a severe detrusor incontinence, is unlikely to be succes-
full (VON ROTTE, 1975, MEUNIER, 1975). Other authors (TURNER-WARWICK, 
1975, McGUIRE, 1976) consider that urethral suspension and lengthening 
of the internal sphincter is often valuable in such cases. 
SEMM (1975) states that the so called "Reizblase" occurs mainly 
during the fertile period of life, and not before puberty. The re-
marks of SUSSET (1974) and McGUIRE (1976) that detrusor incontinence 
can be secondary to sphincter incontinence are remarkable. 
Q.21. 
A normal night's sleep can be said to be a natural cystometry. With 
a normal bladder capacity, urine production and fluid intake in a 
patient not using diuretics or agents which increase bladder tone, 
and with an undisturbed cardiac and renal function, sleep is not 
usually disturbed by the desire to micturate. 
Should one of these above factors be present and there is nocturia, 
it is obvious that this factor should be taken into consideration. 
The patient with pure sphincter incontinence does not rise at night 
to pass urine. 
Q.22,23,24 and 25. 
Cystitis, urethritis and trigonitis have the common pathognomic symp-
tom of frequent, painful micturition, sometimes bloodstained. 
Neoplasms, both benign and malignant in the region of the lower 
urinary tract, can also present with the symptom complex of frequency 
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and urgency. Neurogenic bladder lesions with retention of urine are 
infamous causes of urinary stasis and resultant infection. 
The habit, sometime present in the Western hemisphere,of regarding 
the ability to hold urine for long periods of time and to micturate 
only a few times a day as a sign of strength in a woman, can be blamed 
as part of the pathogenesis of urinary tract infections. 
Q.26,27,28. 
Urinary retention caused by obstruction and neurogenic disturbances 
should be excluded by these questions. Neuromuscular dysfunction, 
bladder neck or urethral obstruction are highly influential on one's 
choice of therapy. 
Q.29. 
Neuroleptics, sedatives, hypnotics, tranquillizers, anti-emetics, 
anti-histaminics, anti-convulsants, narcotic analgesics, anti-
depressants, M.A.O.-inhibitors and alcohol,which all induce a deepen-
ing of sleep,can unmask a nocturnal incontinence. 
Q.30. 
As already mentioned, the difficult years of the menopause and post-
menopause often give rise to depression. Feelings of loneliness,some-
times accentuated by the death of a husband and the self-sufficiency 
of the children can present with the divergent symptom of urinary 
incontinence. 
Q.31. 
The incontinent woman is seriously handicapped. She will do every-
thing possible to disguise her affliction by the careful choice of 
her clothing and by wearing towels and waterproof underwear. 
Her vulval skin becomes irritated and the constant odour of urine 
which accompanies her makes her a social outcast. She looses her con-
tacts outside the house. Outside work, that she previously performed, 
is given up. 
Q.32. 
The incontinent patient with real complaints will willingly submit 
herself to a first and often second, third and sometimes even more 
operations in an attempt to become dry again. The literature and our 
own series (see V.4.1.7. and V.4.2.6.) contain many such examples. 
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bhould a patient, excepting one who is unusually fearful 1. refuse the 
offer of an operation, then her symptoms do not warrant it. 
Q.33. and 34. 
Family and sexual difficulties may present conversely as urinary in-
continence. 
In our material we found a few patients in whom clinical analysis, 
failed to reveal any incontinence Neither urodynamic, 
rontgenological nor cystoscopic investigations could show a cause 
for their complaints. Clinical observation of the patients during 
their few days of hospitalisation showed them to be dry. Yet they 
made constant use of sanitary towels. Further, more detailed, history 
taking revealed that these towels were worn to provide an excuse not to 
have sexual intercourse with their husbands. 
On the other hand, urinary incontinence can be a primary cause of 
serious sexual problems. Fear of the loss of urine during coitus 
forces the patient to keep her partner at bay. 
III.1.3. CONCLUSION 
The history is of the utmost importance in the investigation 
of a patient with urinary incontinence. It will become clear from 
the urodynamic and rontgenological investigations that the history 
alone is insufficient for complete evaluation, and is sometimes 
frankly misleading. 
MARCHETTI (1956), BATES (1971), ARNOLD (1973), TANAGHO (1974), 
MARTINEZ-PIrrEIRO (1974), LAZAREVSKI (1975), FARRAR (1975) ,TURNER-
WARWICK (1975), TORRENS (1975) and DREHER (1975) all agree with 
this point of view, but other authors such as RICHTER (1972), 
FISCHER (1973) GIESEN (1974) and DOLFF (1974) are of a contrary 
opinion. 
47 
III.2. THE PHYSICAL EXAMINATION 
III.2.1.GENERAL PHYSICAL EXAMINATION 
Notice should be taken of the examination of the head, neck, 
chest, abdomen and limbs as well as the length and weight of a patient. 
Attention has to be paid to those conditions which aggravate sphincter 
and/or detrusor incontinence. 
The following conditions fit this category: chronic lung diseases, 
chronic obstructive airway diseases, space occupying lesions in the 
abdominal cavity, severe obesity and cardiovascular abnormalities as 
well as diabetes mellitus. 
The frequent occurence of obesity in patients with urinary inconti-
nence (see IV.1.3.) is not only stressed in the literature, but is 
as well known fact to all doctors involved with the many, various 
operative techniques used to treat this condition. 
The clinically striking fact in these patients is that the connective 
tissues of the abdominal wall and pelvic floor are atrophic and have 
poor supportive function. 
Thus it is comprehensible why many authors have sought for new opera-
tive techniques making use of, amongst other substances, pyramidalis 
muscle, rectus muscle, and fascial strips (GOEBELL-STOECKEL), the 
round ligament (HODGKINSON, KELLY) the external abdominal oblique 
aponeurosis (ALDRIDGE) and vaginal wall -all the so called sling 
operations- while even artifical materials such as teflon, nylon, 
etc. have been used in the operative correction of sphincter inconti-
nence. 
Techniques which were, with great expectations, based upon new, highly 
developed materials, rested nevertheless on the ability of the opera-
tor to find naturally occuring strong tissue in which to anchor them. 
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III.2.2. GENERAL NEUROLOGICAL EXAMINATION 
This examination seeks to find such signs of neurological 
diseases as muscle weakness, paralysis, tremor and ataxia. 
Each organic cause which has a bearing on incontinence of urine, 
should be excluded. Especial attention should be paid to signs of 
a neurovegetative dysregulation such as orthostatic hypotension, 
dermographia, acrocyanosis, etc. The cranial nerves, motor and sensory 
function as well as the distal reflexes must all be examined. 
III.2.3. PSYCHOLOGICAL BEHAVIOUR 
During history taking and the general physical examination 
an overall impression of the patient's psyche should be gained. 
Cerebral arteriosclerosis, dementia, and psychogenic factors can 
seriously disturb the complex continence mechanism. 
III.3. THE GYNECOLOGICAL EXAMINATION 
III.3.1. INSPECTION 
Now follows the gynecological examination. The first part 
of this examination is neither the visualisation of the portio by a 
speculum nor a bimanual vaginal examination, but a simple inspection 
of the external genitalia. Attention is paid to the relationship of 
the external urethral orifice to the clitoris and the anterior vaginal 
wall and to the direction in which this orifice points. The shape and 
size of the urethral orifice is also noted, and particular attention 
paid to the presence of urethral caruncles or a purulent discharge. 
Now follows a close inspection of the introïtus and the vagina; 
form,size, the state of the epithelium are important. A gaping vagina 
is indicative of poor musculature around the introïtus and pelvic 
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floor - musculature which is important for the maintenance of urinary 
continence.The perineum and the perianal region should not escape 
attention. Inspection of the anterior vaginal wall must be performed 
using a single valve speculum, since, although the larger cystocoele 
is not a diagnostic problem, the smaller, deep, posterior cystocoele 
will not otherwise be seen. These examinations are performed with 
the patient both at rest and bearing down. 
Following this initial vaginal inspection the patient is again asked 
to cough when no speculum of any kind is used and all pessaries and 
other foreign bodies have been removed from the vagina. This is im-
portant since any object such as a tampon can act in the same manner 
as a tarsette (ENDSLEY, 1975) and alter the anatomical configuration 
of the anterior vaginal wall, masking incontinence during examination. 
The immediate appearance of escaping urine during coughing is sugges-
tive of sphincter incontinence, while that which appears several 
moments after coughing suggests detrusor incontinence. 
Often the urine lost as a result of sphincter incontinence appears in 
a brief jet, as distinct from detrusor incontinence with its poor flow. 
During this manoeuvre it is important to note the behaviour of the 
pelvic floor: whether the perineum contracts or, in fact, relaxes. 
Because of the close anatomical relationship between the lower urinary 
tract and the female internal genitalia it is valuable to look for 
signs of inflammation in the latter. 
III.3.2. PALPATION 
Following the careful inspection, an equally careful pal-
pation is necessary. An impression should be gained of the elasticity 
of the vaginal wall since this property is imparted by the presence 
of the surrounding muscles. Under physiological conditions the vagi-
nal walls are in antero-postenor apposition. The test first des-
cribed by BONNEY in 1923, the so called bladder neck elevation test, 
is performed at this time. Two fingers are placed against the anterior 
50 
vaginal wall in the region of the bladder neck, with one finger on 
each side of the urethra, taking care not to occlude the urethra by 
direct pressure, and the bladder is thus elevated. If this manoeuvre 
prevents loss of urine which was previously demonstrable, the test 
is positive, and is suggestive of sphincter incontinence. 
The two examining fingers are then reversed and pressed downwards on 
the posterior vaginal wall (a reverse BONNEY) allowing inspection of 
the anterior vaginal wall. These two, simply performed parts of the 
vaginal examination give invaluable information regarding the topo-
graphy of the vagina and its surrounding structures. Sometimes we 
noticed that the second half of this manoeuvre -backward pressure with 
the fingers- unmasked previously undemonstrable urinary incontinence 
when the patient coughed. This phenomenon is probably caused by the 
presence of a rectocoele which has a pessary-like effect on the 
anterior vaginal wall. Further direct palpation of the urethra should 
be performed to discover any anatomical anomalies, such as diverti-
culae, GARTNER'S duct cysts, and the state of the periurethrium 
The degree of mobility of the urethra on the symphysis pubis can also 
be assessed. In some cases of detrusor incontinence palpation in the 
region of the trigone provoked incontinence, presumably due to a tri-
gonitis ;palpation in this manner should not be forgotten. 
Further, routine, palpation of the internal genitalia to assess the 
form, position, size, and mobility of the uterus and its adnexa is 
of course important because of the above mentioned close topographical 
relationship between urology and gynecology. 
Finally the bulbocavernosus reflex is tested. Touching the external 
anal sphincter causes elevation of the perineum and indicates an in-
tact reflex arc in the pudendal nerve. 
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I I I . 4 . LABORATORY INVESTIGATIONS 
111.4.1. BLOOD INVESTIGATIONS 
Haemoglobin estimation, haematocrit, blood sedimentation 
rate, differential and total leucocyte counts and liver and renal 
function tests were performed routinely in all cases. There was a re-
markably high number of abnormal results to oral glucose tolerance 
testing. 
This is not so surprising when one remembers the high incidence of 
patients with obesity, a history of overweight children, prolapse 
and urinary tract infection in our series. 
111.4.2. URINARY INVESTIGATIONS 
Urine was routinely tested for glucose, albumen and sedi-
ment and a specimen was sent for culture in all cases. Many practising 
doctors use in this context the so called "gewassen plas" (the specimen 
of urine produced after washing the labia) rather then a specimen ob-
tained by catheterisation because of the fear of introducing infection 
by the latter. Considering that the bladder with normal function has 
a negligible residual capacity this risk has, we consider, been over-
emphasised, if the procedure is carried out properly by trained 
personnel.Throughout our practise the "gewassen plas" has not been 
used (CHAVIGNY, 1975). In the early part of our series catheterisation 
specimens were used, but latterly we have adopted the supra pubic 
puncture technique which is, alas, gaining popularity only too slowly 
in this country. 
This method, no more uncomfortable to the patient than venapuncture, 
provides a representative sample of the bladder contents. The chance 
of introducing infection is reduced to virtually nil. The performance 
of a total bacterial count in these specimens (the upper limit of 
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normal being taken as 10 bacteria per ml) and a routine bacterio-
logical culture with antibiotic resistance estimation provided much 
useful information (AARNOUDSE, 1976). 
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The recently introduced "d ip-s l ide" method of cul ture was done l a t t e r l y 
on every specimen and the results thereof correlated well with those 
of the conventional cul ture techniques. A more detai led evaluation of 
these cul ture methods w i l l not be given in th is thesis. 
I I I . 5 . RÜNTGENOLOGICAL EXAMINATION 
1 1 1 . 5 . 1 . ROUTINE RÖNTGENOLOGICAL I N V E S T I G A T I O N 
Our anaesthetists insist on a chest X-ray in all pre-
operative cases. Selected out-patients were also X-rayed to exclude, 
or assess,chronic lung disease. 
In unusual or complicated cases, езрэсіаііу those who had previously 
undergone incontinence operations or other pelvic surgery, an intra­
venous pyelogram was performed. 
X-rays of the lumbar column were performed as indicated on those 
patients with severe low-back pain or neurological abnormalties of the 
lower limbs. 
111.5.2. SPECIALISED RÜNTGENOLOGICAL INVESTIGATIONS 
III.5.2.1. REVIEW OF THE LITERATURE 
According to JANSSENS (1956), MARTIN in 1909 was the first 
to visualise the bladder; he used bismuth salts to outline the bladder 
during labour. ALA KETOLA (1973) reported that CUNNINGHAM in 1910 first 
used contrast media in the male bladder. Since then much progress has 
been made. In 1918 KEHRER used collargol as a contrast medium and, as 
distinct from his predecessors, used lateral projections. 
RÜBSAMEN filled the bladder with oxygen in 1920 and made antero-
posterior pictures (JANSSENS,1956). 
VON BLUM (1920) used "cystoradioscopy" for investigation of the bladder 
with projections in both directions. He concluded that during filling 
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of the bladder the base remained stationary but the fundus rose. The 
emptying process was the exact reverse. This author related the pre-
sence of the desire to void to a change in the configuration of the 
bladder from an oval to a spherical form which he called the bladder 
systole. The oval form returned on disappearance of the urge. 
VON BLUM differentiated between the desire and the urge to void. 
He described peristaltic movements of the bladder, corresponding with 
the pre-voiding phase. Micturition was only possible if the bladder 
had first changed its shape. He did not see any funnel ing of the 
bladder neck. In 1928 MORRIS and KIMBROUGH (JANSSENS, 1956) noticed 
such a funnel ing and thought that this was an objective sign of 
sphincter insufficiency. RAWLS, also in 1928, demonstrated this 
funnel ing in continent women and those with cystocoeles(JANSSENS, 
1956). 
THOMSON in 1930 tried to visualise the urethra and thought that by 
using an oblique projection he could demonstrate that the urethra 
curved concavely round the symphysis. VON MIKULICZ-RADECKI visualised 
the urethra from the lateral side by means of a thin lead wire (ALA 
KETOLA, 1973). The first use of a metal chain to visualise the urethra 
was made by STEVENS in 1937, who concluded that the curve of the 
urethra was variable and could not be related to sphincter insuffi-
ciency. KENNEDY (1946) described a new method of cystography in which 
he filled the bladder with sodium iodide and introduced a double 
walled rubber balloon into the urethra on a catheter. The pressure 
in the balloon could be varied and the maximum urethral pressure thus 
assessed - an early sphincterometnc method. 
BALL (1950) described the so called topographical urethrography. With 
lateral views he described the position of the internal urethral 
ostium in relation to the underside of the symphysis pubis, drawing a 
saggital line through the symphysis. The downward displacement of the 
internal ostium as related to these points, was then measured. 
MUELLNER (1949) made fluoroscopic micturating cystograms from which 
it appeared that the bladder base was horizontal in normal people and 
lay at the level of the upper border of the symphysis. At micturition 
a funnel ing and descent of the bladder neck appeared. 
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Patients with sphincter incontinence had, accorded to MUELLNER, a 
bladder base position corresponding with that seen during micturition 
in the normal person. 
MARCHETTI (1949) remarked on "an evaluation of the clinical and ana-
tomical findings observed before correction, particulary with the aid 
of cystography, showed that failure of the pelvic floor, especially 
of the levator am', to support the vesical sphincter mechanism was 
most frequently associated with loss of urinary control. 
Cystography post-operatively revealed the striking degree of elevation 
of the bladder and its outlet effected by the operation. It further 
demonstrated that the MARSHALL MARCHETTI KRANTZ procedure fixes the 
urethra to the posterior surface of the symphysis without distortion." 
ROBERTS (1952) described the normal bladder at rest. "The base of the 
bladder forms a straight line as seen from the side. This line lies 
just above but parallel to one joining the lower border of the 
symphysis pubis to the lower end of the sacrum. The urethra is straight, 
and it forms a clear-cut angle with the base of the bladder. The 
posterior urethrovesical angle is approximately 100 degrees. The ure-
throvesical junction is situated 2-3 cm away from the symphysis pubis. 
When the woman bears down strongly the bladder and urethra move down-
wards, but only to a slight degree, and their relationship one to the 
other is maintained. The whole urethra remains empty, irrespective of 
the amount of pressure applied. During micturition the bladder becomes 
ovoid in shape, and the contraction of the detrusor muscle is made 
evident by indentations in the bladder outline posteriorly. The bladder 
base and the upper urethra swing downwards and backwards and the 
posterior urethrovesical angle disappears so that the urethra and the 
base come into line. The lower end of the urethra remains fixed at the 
level of the triangular ligament." 
HINMAN(1954) made micturating cineradiograms and found in nulliparous 
women: isometric detrusor contractions and opening of the internal 
sphincter;relaxation of perineal muscles, emptying and contraction of 
the detrusor followed by isolated closure of the external sphincter; 
contraction of the perineal muscles with elevation of the base of the 
bladder and closure of the internal sphincter and relaxation of the 
detrusor. 
55 
JANSSENS (1956), adding that cystometry was not an essential diagnos­
tic tool, came to the conclusion that the interpretation of JEFFCOATE 
and ROBERTS was correct. JANSSENS investigated 67 women with sphincter 
incontinence with the aid of cystourethrography. Twelve had pro­
nounced prolapses, 51 had small urethrocystocoeles. Four women had no 
demonstrable abnormality. In 65 patients he found a significant 
difference from normal women. At rest and upon tightening up the 
urethrovesical angle disappeared in 54 of the 67 patients. In 36 of 
these 67 patients this phenomenon was already present at rest. 
In 4 patients he saw a funnel ing of the urethra with a normal posterior 
urethrovesical angle. JANSSENS went on to point out an excessive 
descent of the bladder base with kinking of the urethra, though this 
was not pathognomic of sphincter incontinence. Twenty-three women with 
prolapse but without incontinence showed an extreme displacement of 
the bladder base and urethra .the angle remained intact in 22 of these, 
of whom 2 had an angle greater than normal Ле only observed funnel ing 
on one occasion. 
LUND (1957) made cinefluorographic studies He divided micturition 
into two sorts of process the voluntary and the involuntary"Each 
is produced by different voluntary and involuntary muscular activities 
and in many patients both types of activity may be seen. No conclu­
sions can be drawn from this study about the basic lesion or lesions 
of stress incontinence. The observations confirm the presence of a 
cone or funnel in the urethrovesical area. This possibly indicates 
loss of soft tissue resistance and whatever resistance remains is 
readily overcome by the increased pressure of effort. Under such con­
ditions urine is present in the upper urethra. The voluntary con­
strictors offer the only remaining defence against involuntary uri­
nation." 
DE BRUIN (1958) remarked that routine investigation with the help of 
cystourethrography was still in the research phase and his high ex­
pectations thereof were not completely fullfilled.Enthusiasm for 
routine investigation was not great in those days. He pointed out that 
the results of other workers in this field were not necessarily compa­
rable. The investigative techniques of BALL could not be likened with 
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those of JEFFCOATE and ROBERTS as was done by JANSSENS. 
DE BRUIN related how HODGKINSON in 1953 made a cystourethrograph using 
the chain technique in a 14-year old girl, in whom the posterior urethro-
vesical angle was completely absent and who was nevertheless comple-
tely continent. Thus HODGKINSON disagreed with the röntgenological 
interpretation of JEFFCOATE. 
DE BRUIN referred further to ARDRAN who in 1956 demonstrated lack of 
JEFFCOATE's angle in continent women, but attempted to lessen the 
controversy by pointing out JEFFCOATE's 1956 claim that he had been 
misinterpreted. 
NILSON (1958) declared that the most frequent abnormality he had found 
was a funnel shaped bladder neck, sometimes during micturition, but 
also occuring at rest. The next most frequent change was loss of the 
posterior urethrovesical angle, which often occurred together with the 
funnel ing. 
HODGKINSON (1958) introduced a new pawn on to the field of strife over 
the posterior vesical angle with his "uterine suspension syndrome". 
Patients were described whose "urethrocystopubic relationships showed 
anterior displacement of the bladder, reduction of the size of the 
posterior bladder segment, and evidence of posterosuperior extra-
vesical pressure. Urinary frequency, urgency and stress incontinence 
were the associated subjective complaints. It appeared probable that 
these anatomic changes played no more than ancillary roles in the 
etiology of urinary stress incontinence, yet, unless they were 
corrected, successful establishment of urinary control was in jeopardy . 
Because the anatomic relationships are opposite to whose usually ob-
served in urinary stress incontinence, because they cannot be properly 
evaluated by clinical means alone, it has been found convenient to de-
signate these objective signs and subjective symptoms when occuring 
concommitantly as the uterine suspension syndrome." 
DUTTON (1960) studied 146 patients using the method of JEFFCOATE and 
ROBERTS and found a marked correlation between the absence of the 
posterior urethrovesical angle and sphincter incontinence in 91.5% 
but only a moderate correlation between presence of the angle and 
urinary continence in 66.7%. He remarked on the relative lack of 
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correlation between incontinence and uterine, vaginal and vesical 
prolapse. He concluded that the posterior urethrovesical angle is not 
a fundamental factor concerned with urinary control, but that it was 
probably very closely linked to such a factor. 
FRANCIS (1960) entered the arena with a study of the cystourethro-
graphic appearances of Primigravidae concluding that the radiographic 
sign of an absent posterior urethrovesical angle characterises 907c 
of cases of sphincter incontinence seen during pregnancy as it does 
in the nonpregnant state. Although his patients recovered reasonably 
good bladder control after delivery the angle did not immediately re-
appear. 
GARDINER (1961) found that "the total urethral length in the standing 
position as determined by cineradiography and direct catheter measure-
ment was found to be a reliable index of the degree of female urinary 
incontinence. 
Urinary continence was associated with a total urethral length of 
3 cm or more, indicating coirpetency of the intrinsic musculature and 
connective tissue and the extrinsic support of the bladder neck and 
proximal urethra. Urethrocoele, cystocoele and procidentia had no 
direct relationship with the competency of the bladder neck and urethra." 
BURCH (1961) described pre- and postoperative chain cystourethrograms 
in the context of his operative technique which he claimed gave a re-
markable degree of correction of the deformity of cystocoele and gave 
for the first time a satisfactory correction of almost all types of 
this prolapse by an abdominal operation. In 1968 he described the 
recession of the meatus, elevation of the bladder neck, acute angle 
between the bladder and urethra, change in the angle of inclination 
of the urethra and possibly the lengthening thereof achieved by his 
operation. 
SCHONBERG (1963) pointed out how easy it was to make a cystourethro-
gram and agreed completely with GREEN (1962) in this respect. 
HAYDON (1963) concluded that cineradiography provided valuable visual 
evidence of the pre- and postoperative urethrovesical anatomy and 
that to date it had provided good results. 
HODGKINSON (1963), who used a chain of metal beads, found that patients 
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who suffered from urinary sphincter incontinence demonstrated down-
ward thrust of the bladder and urethra in a vertical plane without 
rotation. The internal urinary meatus of his patients remained in the 
area of maximum hydrostatic pressure during the straining effort. 
ENHÜRNING (1964) studied urethral closing with cineradiography and 
simultaneous measurement of bladder and urethral pressures. At rest, 
the base of the bladder in seven of eight patients had a normal, 
relatively flat appearance. The remaining patient had a funnel-
shaped urethrovesical junction. She had been operated on for sphincter 
incontinence by means of an ALDRIDGE sling, but incontinence of a 
detrusor type had persisted. In one patient with sphincter incontinence 
the bladder base did not move on coughing. He described how, in cases 
of sphincter incontinence, the upper part of the urethra often re-
laxed into a funnel shape and then became a functional part of the 
bladder. This, he thought, could explain the finding of LAPIDES that 
a shortened urethra was commonly found in patients with sphincter 
incontinence. 
WARRELL (1965) remarked upon the difficulty of measuring urethral 
competence. "Various X-ray appearances such as rotation of the bladder 
neck, loss of the posterior vesical angle and funnel ing of the proxi-
mal urethra have been described as suggestive of urethral sphincter 
weakness. In my own study none of these appearances were consistently 
helpful, and I have come to the conclusion that the clinical demon-
stration of stress incontinence is as good as any and is certainly 
the simplest way of showing a urethral closure mechanism failing under 
strain." 
CRISP (1965) in the editorial "What's the angle ?" commented that many 
investigators were not so concerned with the pathophysiology of 
sphincter incontinence as they were with the loss of posterior urethro-
vesical angle and with describing operations to restore this angle. 
The loss of posterior vesical angle was he maintained only a sign of, 
and not a cause of sphincter incontinence."Two well- established laws 
of physics make it highly doubtful that urethral angulation itself 
is the cause of significantly increased resistance to intravesical 
pressure or prevents direct transmission of this pressure to the 
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bladder neck. Resistance to flow is inversely proportional to the 
diameter of a pipe and directly proportional to its length. Angulation 
of this pipe does not significantly change this principle. External 
pressure applied to the wall of a container of fluid is transmitted 
equally in all directions. Intra-urethral pressure, which is depen-
dent upon good support and mobility, is the main factor in urinary 
continence. Keeping in mind that there are many variables involved 
in micturition, involuntary loss of urine occurs when intravesical 
pressure is greater than intra-urethral pressure." 
SHINGLETON (1966) following the method of HODGKINSON (as modified 
by GREEN) came to the conclusion that chain cystourethrography con-
tributed to an understanding of the anatomical changes associated 
with sphincter incontinence and was a useful practical guide to the 
surgical management of patients. 
SHOPFNER (1967) introduced the term trigonal canal and described this 
as a new radiological anatomical unit of the urinary bladder, created 
near the end of voiding by the shortening of contracting muscle fibers 
of the bladder base plate which progressively tug at and elevate the 
opposing walls of the base plate to a vertical position. 
HUTCH (1968) studied 600 lateral cystograms and remarked that the base 
of the mature bladder was flat and not rounded. This flat vesical base 
was produced by a real and important structure,the base plate which was 
the long searched-for internal urethral sphincter. Variations from the 
normal flat contour of the base plate represented, he maintained, true 
pathology and afforded a better explanation of certain disorders of the 
lower urinary tract then did existing theories. 
GREEN (1968) pointed out that although urethral length had no bearing 
on sphincter incontinence ("it is time to discard for good this out-
moded and exploded theory") a truly short urethra, the result of con-
genital anomalies or obstetrical or surgical trauma, with a length of 
2 cm or less might well be the cause of severe urinary incontinence. 
He emphasised that JEFFCOATE and ROBERTS had both said that the lo-
cation of the bladder neck and urethra with respect to the pubic 
symphysis was not of direct importance, since many patients with 
marked bladder descent, but in whom the normal posterior vesical angle 
was maintained, were perfectly continent. 
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Here GREEN referred to HODGKINSON's uterine suspension syndrome and 
agreed with the opinion of JEFFCOATE. He took the urethral axis as 
an aid to differentiate radiological findings into types I and II. 
NOLL (1969) introduced the term SCIPP-line as an aid to the inter-
pretation of lateral micturating cystourethrograms. He made 92 cysto-
grams in normal women and found that the urethra above the SCIPP-
line was 2 cm long while the distance from the lower border of the 
symphysis to the bladder neck was 3 cm . The urethra divides the base 
plate into a two and a half cm anterior portion and a three and a 
half centimeter posterior portion. The name SCIPP-line is formed from 
the initial letters of Sacro Coccygeal Inferior Pubic Point (see 
Fig.3). Continence, according to NOLL,depends upon the anatomy of the 
base plate. 
HODGKINSON (1970) wrote that the "metallic bead chain technique should 
not be confused with the voiding cystogram technique. In evaluation 
of stress incontinence voiding cystograms contribute no information 
relative to urethrovesical relationships incidental to stress, and 
they may introduce gross error. With the metallic bead chain technique 
observations should be made of the spatial relationships of the 
bladder to the urethra, of the bladder and urethra to the symphysis 
pubis and of the internal urinary meatus to the external urinary 
meatus. Notice should be given to the distance the bladder descends 
beneath the inferior surface of the symphysis pubis during straining." 
HODGKINSON used his cystourethrograms as a pointer rather than as a 
strict guide to his operative therapy, as GREEN and BALL did. 
Like JEFFCOATE he sought a common characteristic but did not precisely 
measure the angle. Using the metallic bead chain technique he showed 
that the characteristic lesion of sphincter incontinence was de-
pression of the urethrovesical junction to the lower most point of the 
bladder at the peak of the straining effort. He said that these re-
lationships were synonymous with the radiological sign of loss of the 
posterior urethrovesical angle. 
BATES (1970) made use of cinecystography and simultaneous urodynamic 
techniques. In 1971 he stated that the micturating cinecystogram was 
important for the management of a variety of abnormalities of the 
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bladder and its outlet mechanism, the addition of pressure/flow 
measurements added a further dimension to the understanding of 
function. He did not think that the angle of JEFFCOATE and ROBERTS 
was a diagnostic sign of sphincter incontinence; the loss of the angle 
was a sign of an open bladder neck. Loss of the angle occurred both 
with sphincter incontinence and at the time of bladder contraction. 
TANAGHO (1970) agreed with LUND (1957) that a bladder outlet is funnel -
shaped at the beginning of micturition. This had always been attributed 
to the start of detrusor activity, but pressure studies showed that 
together with the funnel ing that normally preceeds voiding there is an 
associated drop in the proximal and mid-urethral pressures. 
Both these changes occurred before the start of detrusor activity. His 
explanation of this drop in urethral pressure was the relaxation of 
the striated musculature of the pelvic floor and of its contribution 
around the urethra. TANAGHO said that the smooth musculature of the 
urethra was part of the primary sphincter mechanism while the "striated 
sphincter" contributed about 50% of urethral closure pressure. The 
entire pelvic floor was a part of the sphinctenc mechanism, not only 
by its direct contribution, but also as a unit. 
HERTZ (1973) published an atlas of cystourethrography, but laid only 
minor stress on the features associated with sphincter incontinence, 
referring his readers to other authors. 
ALA KETOLA (1973) stressed the simplicity of chain cystourethrography 
and said that the bladders of women with sphincter incontinence were 
higher than those of a group of normal women. In patients with inconti-
nence and also in those with a prolapse the bladder descends on 
straining more than is so in a healthy patient. The posterior urethro-
vesical junction, he said, descended more when there was sphincter in-
continence and the bladder neck was more dilated. He took the degree 
of descent during this manoeuvre as an indication of anatomical abnormality 
FISCHER (1974) agreed with GREEN that the radiologically demonstrated 
angle between body axis and urethra, which in normal patients is 30 
degrees, could be used to distinguish two types of anatomical distur-
bance. If the angle is less than 45 degrees (GREEN type I)he advised 
a vaginal repair for correction. Should it be greater than this (GREEN 
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type II) he advised a combined cystourethropexy and vaginal repair. 
TANAGHO (1974) asserted once again that "although variable degrees 
of uterine prolapse are frequently encountered, abnormal mobility of 
the vesicourethral segment is the factor responsible for incontinence. 
Frequently associated with the abnormal mobility are changes in the 
posterior urethrovesical angle. With critical analysis it is evident 
that the angles are secondary features rather than the primary causes 
of stress incontinence." 
STAMEY (1975) judged that the lateral cystogram was the most useful 
diagnostic test. He performed endoscopic suspension of the bladder 
neck for sphincter incontinence and made pre- and postoperative cysto-
grams in a group of 44 patients who despite a significant history 
suggestive of a detrusor component to their incontinence did not show 
abnormalities of detrusormuscles on carefully performed cystometro-
grams and cholinergic sensitivity tests. Fourty-one patients bene-
fited from his therapy. 
CASSAMI (1975) used the chain method and GREEN's classification. 
He thought that the methods of GREEN and JEFFCOATE were inaccurate, 
and placed a pressure transducer inside the bladder, so that X-rays 
were taken at certain standardised pressures during straining. He only 
paid attention to the posterior angle and the degree of descent of the 
internal ostium upon straining. All other parameters were disregarded 
by this author. 
LAZAREVSKI (1975) honoured BETHOUX, who in 1962, had performed 
"dynamic pelvic viscerograms". He stated that the absence of the 
posterior urethrovesical angle is probably a product of "the mandrini-
zation" of the urethra by the catheter used for its opacification, 
and he used therefore 10 ml of a dense sterile barium paste intro-
duced into the urethral canal. The absence of the angle was found not 
only in patients with sphincter incontinence, but also in a control 
group of dry patients with prolapse. He found funnel ing of the urethra 
to be a frequently associated radiological feature of sphincter in-
continence, which represented a weakness in the sphincteric system 
of the bladder neck. Ptosis of the bladder neck and urethra were 
features more characteristic of genital prolapse, than of urinary 
sphincter incontinence in his opinion. He also believed that a 
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"s l id ing" prolapse could cause sphincter incontinence. The dis locat ion 
of the posterior vesical wall was, he thought, of greater importance 
than that of the anter ior , and might provoke an opening of the bladder 
neck and a vesicual isat ion of the urethra. He proposed that loss of 
e l a s t i c i t y in the urethrovaginal space could resul t in a separation 
of these structures, produce t ract ion on the urethral canal and de-
crease the extra-urethra 1 pressure. 
RICHTER (1975) ^obtained only poor resul ts with the method of BETHOUX 
and suggested his own modif ication for v isual isat ion of the urethra 
with the help of a contrast medium impregnated thread, the so cal led 
"Dochf'-method. 
I I I . 5 . 2 . 2 . THE TECHNIQUE OF CYSTO-URETHRO-COLPO-HYSTERO 
RECTOGRAPHY 
1. For v isua l isat ion of the pelvic organs we used a modif ication 
of BETHOUX's dynamic pelvic viscerogram. 
The rather cumbersome t i t l e of cysto-urethro-colpo-hystero-rect-
gram w i l l hereafter be abbreviated to XCCR. 
We share the opinion of ROBERTSON (1974) when he stated "the f e -
male patient must be considered in t o t a l . Stress incontinence as 
an isolated ent i ty is uncommon. The patient with stress inconti-
nence may have associated anatomic defects such as uterine pro-
lapse, rectocoele, and enterocoele. The compartmentalisation of 
the female pelvis has led to poor resu l t s . " 
2. The patient was placed in the lithotomy pos i t ion. Under s t e r i l e 
conditions a 12 Ch transurethral catheter was inserted in the 
bladder and urine obtained for bacteriological invest igat ion be-
fore the bladder was completely emptied. Two hundred ml of the 
water soluable contrast medium methylglucamineacetrizoate 10% 
was then i n s t i l l e d , and the catheter removed. 
3. To out l ine the urethra we used neither the bead chain method of 
STEVENS nor the contrast impregnated threads of RICHTER, but the 
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same PORTEX umbilical catheter with a total diameter of 2.0 mm , 
and an internal diameter of 1.4 mm which we used for our pressure 
registrations. This catheter is sufficiently flexible and after 
flushing with UltrafluidR 10 ml outlined the urethra. The excess 
UltrafluidR passing into the bladder delineated its deepest point 
in the erect position on lateral view. Extreme obesity and move-
ment of the patient diminished the otherwise good visualisation of 
these areas. 
4. Next the cervix was exposed by means of a speculum and cleaned 
with BetadineR. The uterine cavity was then sounded and a special 
uterine device introduced. 
This device consisted of 6 cm of the pliable introducer of a 
SELDINGER aortography catheter with a round bead mounted on the 
top and a metal cone on the lower end. (see III.5.3.1.etc.) 
This cone fitted in the cervix. Twenty cm of thread was attatched 
to this device to assist in its retrieval and was easily sterili-
sable. 
5. The vaginal walls were coated with MicrotrastR, bariumsulphate 
paste. 
6. For visualisation of the rectum 100 ml of Barium cream was intro-
duced therein via an 18 Ch catheter. In order to obtain a picture 
of the complete rectal canal it was necessary to continue this in-
stillation during the final withdrawal of the rectal catheter. 
7. The patient was then brought to the radiology department in her 
bed. The investigator always remained with the patient throughout 
the radiological studies. This was essential, not merely to see 
that the pictures were made at the correct moments, and to watch 
the image intensifier for behavioural study of the bladder, but 
more importantly to maintain that doctor-patient relationship so 
important to an understanding of her incontinence and to reassure 
her that the incontinence resultant upon the radiological 
manoeuvres was nothing to be ashamed of. 
8. The standard procedure consisted of three lateral exposures in 
the standing position, firstly at rest, secondly during 
tightening up and lastly at the height of bearing down. 
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9. The pictures were interpreted also by the gynecologist since we 
agree with ROBERTSON (1974) that the interrelationships of the 
pelvic organs should be considered a matter of special importance 
by him. 
10. Interpretation of the XCCR. 
Following experience with this investigation and study of the 
relevant literature and not least of evaluation of the operative 
results we have come to the conclusion that the interpretation 
of the XCCR should not follow too rigid a scheme. 
We agree with TAHAGHO (1970) that the whole pelvic floor is a 
part of the bladder sphincter mechanism. Loss of the urethro-
vesical angle, funnel ing etc., are secondary features rather than 
primary defects which cause sphincter incontinence. 
Special attention was paid to the shape of the bladder fundus and 
base, the position of the bladder base relative to the SCIPP-line, 
fonn and position of the urethrovesical junction, form and position 
of the urethra relative to the symphysis, position and mobility of 
the uterus, any impression made on the bladder shadow by an 
anteverted uterus, shape and angulation of the vaginal image, and 
any change in the position of the rectum especially of its proxi-
mal part. 
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ІІІ.Ь.З.1. THE NORMAL XCCR 
Fig.3. A normal XCCR. Pat. C.O.-24;P III;38 yr.,-clinical diagn.: 
psychogenic micturition problems. Ther.: pharm. 
Picture taken at rest: bladder is triangular in outline. The bladder 
fundus is flat. The bladder outline does not extend anterior to the 
symphysis pubis. The deepest point of the bladder is the anterior part 
of the base plate. The base plate is flat and lies above and parallel 
to the SCIPP-line. The base plate is divided by the urethrovesical 
junction into an anterior 1/3 and a posterior 2/3. The urethra has a 
slight S-shape. The vagina describes a typical angulation. The uterine 
sound demonstrates antieflexion of the organ and is also above the 
SCIPP-line. The rectal canal has two angulations. Its distal portion 
is not filled. 
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III.5.3.2. PATHOLOGICAL CHANGES 
III.5.3.2.1.MINIMAL DORSO-CAUDAL DISPLACEMENT 
Fig.4. At rest. Pat.CO.-2; Ρ III ; 35 yr. ; clin.diag. 
psychogen, incont. Ther.: pharm. 
Fig.5. Tighten up. 
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Fig.б. Bear down. 
Fig.7. The difference between resting and bearing down 
(stippled) positions. 
09 
At rest the base plate is not flat. The deepest point of the bladder 
is the bladder neck, and not the anterior part of the base plate. 
The urethrovesical junction lies on the SCIPP-line. The proximal 
urethra remains closed. The overall shape of the urethra is not that 
of an S. The ventral bladder shadow extends over the symphysis. 
The vaginal angle is straightened out. The uterus is in a normal 
position, in antieflexion. On tightening up no topographical changes 
are seen. 
On bearing down the posterior part of the base plate moves down­
wards and backwards. The urethrovesical junction comes to lie 1 cm 
deeper. There is a slight posterior cystocoele. There is no descent 
of the uterus. 
These pictures are compatible with minimal sphincter incontinence, 
III.5.3.2.2.MODERATE DORSO-CAUDAL DISPLACEMENT 
Fig.8. At rest. Pat.B-31,· Ρ IV; 37 yr. ; clin. diag. : sphinct. 
incont. Ther.: BURCH-plasty. See also Fig.s. 108 and 
109 
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F i g . 9 . Tighten up 
Fig .10 . Bear down 
Fig.11. At rest and bearing down 
At rest the bladder neck is just above the SCIPP-line. The base plate 
is not flat but is slightly rounded. The ventral bladder shadow ex-
tends beyond the symphysis. The bladder shape remains triangular. 
The urethrovesical junction shows a closed proximal urethra at rest. 
The urethra is slightly S-shaped. The uterus is in a normal, antie-
flexed position. The rectal canal shows two normal angulations. The 
vaginal outline is normal. Tighten up does not change the topography. 
Bearing down causes a vertical descent of the urethrovesical junction 
of 3 cm, demonstrating abnormal mobility of the proximal urethra. 
The base plate, which was already imperfect, is now completely dis-
placed from its normal position. Rotational and dorso-caudal dis-
placement of the trigonal area is evident. There is minimal uterine 
descent. The vaginal angle is eliminated on bearing down. The angula-
tions of the rectal canal are similarly straightened out. 
These appearances are compatible with sphincter incontinence. 
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Ill.5.3.2.3.BLADDER DESCENT AT REST 
Fig. 12.At rest. Pat.B-7,· Ρ II; 37 yr. ;clin.diag. : mixed 
incont. Ther.: BURCH plasty 
Fig.13.Tighten up 
Fig.14. Bear down 
Fig.15. At rest and bearing down 
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At rest the urethrovesical junction is already 2 cm below the SCIPP-
line. No obvious base plate can be seen. The deepest point of the 
bladder is the bladder neck. Proximal urethra is closed at rest. 
The S-shape of the urethra is absent. There is a slight ventral ex-
tension of the bladder over the symphysis. Bladder fundus is flat 
at rest. 
The vaginal angle is absent as are those of the rectal canal. The 
uterus is in marked antieflexion, and is above the SCIPP-line at 
rest. 
Tightening up produces no change in the anatomical configuration. 
On bearing down the urethrovesical junction descends a further 2 cm. 
There is a slight rotational and ventral displacement of the bladder 
neck. The deepest point of the bladder is now formed by the trigone. 
No base plate can be seen. The vagina shows slight dorso-caudal dis-
placement over its whole length and there is minimal descent of the 
uterus. 
There is a suggestion of a rectocoele. These appearances are 
consistent with a diagnosis of sphincter incontinence. 
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III.5.3.2.4.DISPLACEMENT AND FUNNELING 
Fig.16.At rest. Pat.V-II; Ρ V; 49 yr.; clin.diag.: mixed 
incont. Ther.: anterior and posterior vaginal repair. 
Fig.17.Tighten up 
/6 
Fig.18.Bear down 
Fig.19.At rest and bearing down 
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At rest the bladder base lies 1 cm above the SCIPP-line. The deepest 
point of the bladder is again the bladder neck. At rest the urethro-
vesical junction shows slight funnel ing but the urethra remains 
closed. The bladder outline is somewhat ovoid in shape. Ventral 
bladder outline is normal. The urethra is slightly curved. 
The uterus is in antieflexion and is not prolapsed. There is a nor-
mal vaginal angle. The rectal canal is also normal. 
Tightening up Remonstrates good levator function whence the dorsal 
edge of the bladder shadow is brought 2 cm ventrally. The urethro-
vesical junction does not move. The vagina is pulled 1 cm forwards 
with accentuation of the physiological angle. The rectal canal also 
moves slightly forwards. Bearing down produces funnel ing of the 
bladder neck and the proximal urethra is opened. Moderate rotational 
and posterior descent of the trigone occurs, bringing it 2 cm below 
the SCIPP-line. There is no significant descent of the uterus. 
Anterior and posterior cystocoeles are evident. The vaginal canal 
moves downwards and backwards with total elimination and almost 
reversal of its angle. These appearances are almost diagnostic of 
sphincter incontinence, but a detrusor component is not excluded. 
78 
III.5.3.2.5.PTOSIS OF THE BLADDER AND MARKED VAGINAL 
PROLAPSE 
Fig.20.At rest. Pat.V-41;P IV; 25 yr.; clin.diag.: mixed 
incont. plus prolapse. Ther.;vag.hyst.and fu1! repair 
Fig.21.Tighten up 
/9 
Fig.22.Bear down 
1
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Fig.23.At rest and bearing down 
At rest a marked funnel ing of the bladder neck is evident. The base 
plate is not recognisable. The deepest point of the bladder,formed 
by the bladder neck lies 2 cm under the SCIPP-line. The vaginal angle 
is absent and the vagina is displaced dorsally. There is minimal 
uterine prolapse at rest. The bladder fundus is somewhat rounded and 
there is slight supra-symphyseal ventral extension. Tightening up 
does not alter these appearances. Bearing down causes marked ptosis 
of the whole bladder. The urethra becomes S-shaped, and its proximal 
portion is opened. 
The urethrovesical junction now lies 5 cm below the SCIPP-line. The 
whole area of the trigone has descended. The vaginal outline curves 
around that of the descending distal bladder. Bladder fundus is not 
flat, but rounded. A slight rectocoele can be seen. These pictures 
indicate not only a probable sphincter incontinence, but, because 
of the rounded and presumably contracting bladder outline, also a 
detrusor factor to the incontinence. 
81 
III.5.3.2.6.LARGE CYSTOCOELE IN THE ABSENCE OF A UTERUS 
Fig.24.Ät rest. Pat.V-7; Ρ I; 77 yr.; clin.diag.:previous abdo­
minal hysterectomy, difficulty with micturition associated 
with vaginal prolapse, urinary continence. Ther.: Anterior 
vaginal repair 
Fig.25.Tighten up 
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Fig.26.Bear down 
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Fig.27.At rest and bearing down 
At rest the base plate sags below the SCIPP-line and the trigonal area 
comes to lie under it. The bladder base is flat. The contour of the 
bladder is slightly ovoid. The blindly ending vagina lacks its 
characteristic angle, and ends directly under the bladder base plate. 
The urethra is straight and closed. The rectal canal is normal. 
Tightening up does not change the position of the urethra, but the 
posterior edge of the bladder is brought 3 cm forwards. 
The vaginal vault hardly moves. The rectal canal remains stationary. 
Bearing down dislocates the urethrovesical junction nearly 2 cm down-
wards and backwards. The urethra remains closed and becomes curved. 
The posterior part of the base plate, with the trigone, shows a marked 
rotational and ventro-caudal descent to 6 cm under the symphysis. 
The vagina curves around the lower end of the cystocoele. (Unfortunately 
this appearance is not represented on Fig.27, but can be seen on 
Fig.26.) 
The rectal canal moves backwards. These appearances confirm the 
presence of a large cystocoele and could be compatible with sphincter 
incontinence. 
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III.5.3.2.7.ABNORMAL BLADDER SHAPE WITH LACK OF 
DISPLACEMENT ON BEARING DOWN 
Fig.28.At rest. Pat.CO.-5; Ρ IV; 75 yr.; clin.diag. : previous 
fracture of the pubic bone, diabetes mellitus and neuro­
genic bladder. Ther.: pharm. 
Fig.29.Tighten up 
• 
Fig.30.Bear down 
Fig.31.At rest and bearing down, no change 
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At rest there is a lack of the normal triangular bladder outline. The 
bladder is rounded and projects markedly in front of the symhysis. The 
bladder base is also round and comes 1 cm below the SCIPP-line. 
The antieflexed uterus is in a normal position. The physiological 
vaginal angle is missing. The rectal canal is unusually well filled. 
The urethra is straight. The urethrovesical junction lies 1 cm under 
the SCIPP-line. Both tightening up and bearing down fail to produce 
any change in these appearances. The possible failure of the patient 
to obey instructions was eliminated by our observation at the time. 
A detrusor incontinence is possible in this case. 
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III.5.3.2.8. APPEARANCES AFTER MULTIPLE SURGERY 
111. 5. 3.2. 8. L S I TUAT I ON FOLLOWING: 
1. MARSHALL-MARCHETTI-KRANTZ-PROCEDURE 
2 . GOEBELL-STOECKEL-PROCEDURE 
3 . V A G I N A L HYSTERECTOMY 
4 . RESECTION OF BLADDER FUNDUS 
Fig.32.At r e s t . P a t . C O . - 4 ; Ρ ?; 49 y r . ; 
c l i n . d i a g . : c h r o n i c p y e l o c y s t i t i s , 
hypertonic b ladder»detrusor 
i n c o n t i n e n c e . T h e r . : pharm. 
Fig.33.Tighten up 
Fig.34.Bear down 
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Fig.35.At rest and bearing down 
A circular bladder shadow is seen. There is deformity of the bladder 
fundus. The urethrovesical junction is situated high behind the 
symphysis as a result of the suspension operations. At rest there is 
good base plate formation, but it is not parallel to the SCIPP-line. 
The vagina ends blindly and shows a normal angulation. The distal 
rectum is similarly normal in outline. By tightening up the base plate 
is only minimally elevated. Bearing down demonstrates the immobility 
of the urethra, and the urethrovesical junction remains fixed in its 
high retropubic position. The posterior part of the base plate comes 
2h cm under the SCIPP-line and the vagina is moved caudally. 
The rectal contents are pushed downwards and a rectocoele becomes 
evident. These pictures do not suggest any sphincter incontinence; 
because of the rounded bladder at rest a detrusor incontinence is 
possible. 
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I I I . b . 3 . 2 . 8 . 2 . S I T U A T I O N F O L L O W I N G : 
1 . M A R S H A L L - M A R C H E T T I - K R A N T Z - P R O C E D U R E 
2 . V A G I N A L HYSTERECTOMY AND F U L L R E P A I R 
Fig.36.At r e s t . P a t . C O . - 8 ; Ρ I I ; 41 yr . ; c l i n .d iag . :det rusor 
incont . T h e r . : pharm.(see a l s o Fig.63) 
Fig.37.Tighten up 
Fig.38.Bear down 
О 
ko 
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Fig.39.At r e s t and bearing down 
At rest the urethrovesical junction lies high behind the symphysis and 
the proximal urethra is closed. There is no flat base plate. The whole 
bladder has a rounded shape. The vagina ends blindly and has a well 
formed angle. The vaginal vault is above the SCIPP-line. The urethra 
has a normal relationship to the symphysis. Tightening up produces 
no change. Bearing down moves the urethrovesical junction only slightly 
downwards and backwards. The bladder neck remains above the SCIPP-
line. The base plate is flattened by bearing down and makes an angle 
with the SCIPP-line. The bladder neck remains closed during this 
manoeuvre while the deepest point of the bladder is now the trigone. 
The upper portion of the vagina moves downwards and backwards. 
The rectum becomes filled, making a rectocoele obvious. There is no 
evidence here to support a diagnosis of sphincter incontinence, but 
much that suggests detrusor incontinence. 
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III.6.1. URODYNAMICS 
III.6.1.1. HISTORICAL REVIEW 
BJERLE (1974) and VON GARRELTS (1957) referred to the pio-
neering works of DUBOIS in 1876, of MOSSO and PELLACANI in 1882 and 
of REHFISCH in 1897 in the field of intravesical pressure measure-
ments during changes in volume. ELLIOTT (1907) described his method 
for measurement of pressure inside the bladders of various animals 
in which he placed a catheter linked to a small water manometer into 
the bladder, and connected a recorder to the air above the surface 
of the water column, thus obtaining a continuous tracing of "roughly 
isometric change on a constant volume". To change the volume ne 
substituted a large graduated reservoir for the manometer thus giving 
any height of water pressure that was necessary. 
BONNEY measured the pressure necessary to force fluid into the bladder 
via the urethra using an open-tipped catheter in 1923, and SCHWARTZ 
in 1926 measured the intravesical pressure via a thin transurethral 
catheter. He determined that bladder pressure which overcame the 
urethral resistance and caused fluid to flow out(ENHjRNING, 1961). 
DENNY-BROWN (1933) used an open-tip catheter lying in the urethra 
and containing a second catheter which continued into the bladder. 
These two catheters were used to measure the pressure within the 
bladder and different portions of the urethra. 
Urethral pressure measurements were taken with the aid of a small 
fluid-filled balloon mounted on the end of a catheter by SIMONS, in 
1936, BARNES in 1940, KENNEDY in 1946 and HARTL in 1955 (ENHORNING, 
1961). 
KARLSON (1953) who had made earlier studies of the motility of the 
non-pregnant and parturient uterus, used with minor modifications the 
same receptors and recording instruments. 
He used three carbon receptors; one in the bladder and the other 
two in the urethra. These gave only relative, rather than absolute, 
changes in pressure and diminished the value of his study since the 
relationship between pressure change and resistance change is not 
precisely linear (BRAAKSMA, 1970, HEIN, 1972). 
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HARTL used air instead of fluid in 1953, to determine the pressure 
necessary to overcome the urethral resistance; the pressure was re-
corded with a blood-pressure manometer. 
BORS (1948) described a "simple sphincterometer" constructed of a 
syringe with a T-tube attachment connected on one side to a rubber 
balloon and on the other to a manometer. Thus he measured the pressure 
necessary to overcome the sphincter mechanism of the bladder and ure-
thra. 
HODGKINSON (1960) performed a direct urethrocystometry,simultaneously 
recording the pressures in the bladder and urethra during filling with 
urine. The urine production had first been stimulated by diuretics. 
He used a closed, fluid-filled system, consisting of catheters and 
attached rubber balloons. 
MURPHY (I960) pleaded for intra-vesical pressure measurements to be 
made via a suprapubic puncture method that would eliminate the arte-
facts of transurethral catheter techniques. He emphasised that des-
pite the small size of transurethral catheters an artefact was ines-
capable by any foreign body lying in the urethra. 
This method had first been described by ADLER in 1929 (ENHORNING,1961). 
ENHORNING in his own famous study of simultaneous bladder and urethral 
pressure measurements (1961) described his method as "two pressure 
transducers with carrier-frequency amplifiers and a direct recorder 
are used, while a double lumen catheter was required, smooth and 
flexible, small externally, not too soft, not too small. The intra-
urethral pressure was perceived by a small rubber balloon, surrounding 
the catheter, and the catheter was withdrawn in half centimeter steps." 
GLEASON (1962) mentioned pressure measurements and flow studies using 
a thin transurethral catheter and a thin urethral catheter. The flow 
of urine occurred around the catheters. As the results of this method 
were unsatisfactory he described in 1967 how he filled the bladder 
through a 5 Ch premature infant feeding tube in the urethra. The patient 
again voided past the catheter, while intravesical and intrarectal 
pressure were measured. 
CARDUS (1963) described pressure-flow studies using intra-abdominal 
and intravesical pressure measurements simultaneously with perineal 
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electromyography and "spot X-ray films". 
BECK (1964) made use of ENHÖRNING's method. Simultaneous intra-
urethral and intravesical pressure measurements were made using two 
catheters glued together on which two small balloons were placed at a 
distance apart of 6 cm. The catheters and balloons were filled with 
fluid. 
In 1964 ENHÖRNING, writing about his pressure measurements,said:"all 
the information obtained was photographed simultaneously from a tele-
vision monitor on movie film. Images from two television cameras were 
fused, one viewed the recording of pressures, the other viewed the 
fluoroscopic image of the bladder and urethra." He modified his previous 
method and used a three channel catheter, one channel for the bladder 
and two for the urethra. Each ended in a thin-walled rubber balloon, 
5 mm's in length and the balloon close to the tip of the catheter 
remained in the bladder during the entire investigation. The distance 
from the catheter-tip to the first balloon was 5 cm, and from here 
to the next urethral balloon was 1 cm. 
TANAGHO (1966) also made use of the ENHÖRNING catheter method in which 
he filled the bladder through a separate transurethral catheter. 
TV-cameras simultaneously recorded the pressure measurements and the 
radiological appearances. His advantage, like that of CARDUS (1963) 
and of ENHÖRNING (1964), was the ability to simultaneously measure 
and combine pressure estimations and cystourethrography. 
BATES (1970,1971) also had the advantage of being able to combine these 
two investigative techniques, and pointed out the importance of such. 
BJERLE (1974) performed a suprapubic puncture. Using this approach 
he inserted both an intravesical catheter and a peri-vesical catheter. 
Both these catheters were open-ended and fluid-filled. He concluded 
that, regardless of body position, transmission of pressure changes 
in the abdominal cavity to the perivesical space and the bladder was 
incomplete. The intra-gastric pressure change was greater than the 
perivesical and intra-vesical changes. There was no pressure differ-
ence between the latter two points when the bladder was almost empty. 
This agreed with other published observations that in women in the 
supine position an increase in the abdominal pressure was transmitted 
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to the same extend to the bladder and to the proximal urethra pro-
vided that there was no insufficiency of the pelvic floor with sagging 
of the bladder and proximal urethra. 
FRIMODT-M0LLER (1974) made use of "inductive transducers in connection 
with carrier preamplifiers for recording intravesical and intrarectal 
pressures. The differential, or detrusor, pressure was obtained by 
electronically subtracting both pressures. The flow curve was re-
corded by an air displacement flow meter." 
PALMTAG (1975) using simultaneous cine-uregraphic and manoflowmetric 
investigations also approached the bladder from a suprapubic direction. 
ASMUSSEN (1975) described a method for simultaneously measuring the 
pressure in the bladder and urethra, using micro-transducers enclosed 
in a semi-flexible dacron catheter. 
111.6.1.2. SUMMARY 
Simultaneous measurements of the intra-abdominal and intra-
vesical pressure can be done in different ways. Intra-abdominal 
pressure can be measured by: 
a. closed hydrostatic systems: -balloon catheter in the stomach 
(VON GARRELTS, 1957, BACKMAN,1963) 
-balloon catheter in the rectum 
(ENHÖRNING,1961, GLEAS0N,1962) 
b. open hydrostatic systems : -open-ended rectal catheter (CLARIDGE, 
1964, FRIMODT-M0LLER, 1972) 
с open-ended catheter in the cave of RETZIUS (BJERLE, 1974) 
This last method gives the most insight into the problems of pressure 
changes in the all important peri-urethral space, but is impracti­
cable for routine clinical use. 
The resistance of a rubber balloon is greater, because of the rubber 
of the balloon, than that of an open-ended catheter (BRAAKSMA,1970, 
HEIN, 1972)However, it has the advantage over the latter that when 
inserted into the rectum it cannot be blocked by faeces. In those 
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cases in which occlusion occurs it can easily be recognised and 
corrected by flushing the catheter with a few mis of water. 
Open-ended catheters can also be used for the measurement of intra-
vesical pressure. The errors caused by transurethral introduction 
are in our opinion negligible when a flexible catheter with a dia-
meter less than 2mni is used. 
Pure quantitative measurements of pressure are difficult because of 
the above factors (ESKES, 1962). Considering that the abdominal cavity 
is not filled with an homogenous mass -solid, fluid and air-filled 
organs are present- it is clear that the different pressure measure-
ment techniques are not directly comparable. Furthermore the same 
technique may give different results at different times. 
We did not use electronic subtraction; the intrinsic intravesical 
pressure was calculated by subtraction of the intrarectal pressure 
from gross intravesical pressure. This intrinsic intravesical pressure 
is, we think, the sum of the detrusor pressure and the hydrostatic 
pressure of the fluid column above the open end of the bladder 
catheter. If peristaltic waves were seen on the rectal pressure 
channel, the rectal pressure was taken as that which occurred be-
tween contractions (see Fig.104 ) 
We were able to confirm the conclusion of VON GARRELTS (1957) that 
the majority of cystometric studies showed that the normal urinary 
bladder is unique in that on slow filling it maintains a constant 
or only gradually rising pressure with increasing volume. 
The slow rise in pressure is probably due to increasing hydrostatic 
pressure within the bladder as it was filled. The bladder remains 
isotonic until the first desire to void occurs. 
I I I . 6 . 1 . 3 . FLOWMETRY 
A HISTORICAL REVIEW 
DRAKE (1948) described a uroflowmeter using a smoked drum. 
The wr i t ing arm was attached to a springloaded balance and a container 
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into which urine fell. This enabled him to compute the volume/time 
relationship in the flow of urine through the urethra. 
KAUFMAN (1957) described a new recording uroflowmeter for measure-
ment of voiding velocity making use of DRAKE'S principle that the 
weight of urine was the determinant factor. He also recorded the 
volume of urine as a function of time. 
VON GARRELTS (1956) measured the flow of urine per unit of time by an 
electrical technique. The urine accumulated in a vessel and the 
pressure at the bottum of this fluid column was measured with an 
electromanometer. Later VON GARRELTS modified the apparatus to in-
clude a balance and electrical recording devices (BACKMAN,1963). 
DRACH (1976) described a new device, the peakometer, which measured 
the peak flow. This is important in obstructive lesions and he found 
that the peak flow rate decreased with increasing age and increased 
with bladder volume. The apparatus consisted of "a calibrated out-
flow slot balances the height of incoming urine in one chamber against 
resistance to outflow from the second chamber. This clearance level 
or height is measured against a previously calibrated rate and is re-
presented graphically on an indicatorstrip in millimeters per second. 
Because the strip is sensitive to urine it registers a colour change 
as the urinary level rises in the chamber thus indicating the maxi-
mum level or peak flow rate". 
III.6.1.4. ADDENDUM 
The exact details of our flowmetric technique are des-
cribed in III.6.3. and Fig. 43. The advantages of this technique are 
that psychological effects on micturition are minimalised and measure-
ments proceed without delayiindependentof temperature, acidity of 
urine or air bubbles in the stream. 
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I I I . 6 . 2 . URODYNAMIC APPARATUS USED IN THIS STUDY 
I I I .6 .2 . ¡ .RECORDING UNIT 
We used the VARIOSCRIPT 422 four-channel recorder. 
This uni t is f i t t e d with preamplif iers and controls suitable for many 
kinds of s ta t i c and dynamic measurements. The wr i te-out is performed 
on normal paper with the use of a carbonic p r inc ip le . Time intervals 
are automatically superimposed on the four channel record. The paper 
speed can be varied simply by changing the drive cogwheel. 
Fig.40.The recording un i t 
I I I . 6 . 2 . 2 . PRESSURE CATHETERS 
I I I . 6 . 2 . 2 .1 . INTRAVESICAL PRESSURE MEASUREMENT 
We chose for intravesical pressure measurement a transurethral 
f l u i d - f i l l e d catheter with two side openings close to a closed t i p . 
This catheter (PORTEX umbilical catheter) as measured by the technical 
service of the Nijmegen Medical Faculty had an overall length of 35 cm, 
an outer diameter of 2.0 mm, and an inner diameter of 1.4 mm. 
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The cross sectional area of the lumen was therefore: 
0.72 χ 3.14 = 1.5 mm2. The distance from the tip of the catheter is 
indicated on the outside by a number of lines. The catheter was made 
of a semi-rigid material which allowed ease of insertion but avoided 
any traumatic effect. The semi-rigid construction allows good pressure 
transmission (ROTTEMBOURG, 1975, BROWN, 1975). 
Bladder filling could, if necessary, be very rapid by pressurising the 
filling bottle. 
Such a rapid filling was part of our search for an unstable bladder. 
(see IV.3.7. and Fig.45) 
At a hydrostatic pressure of 68 cm HLO the flow in the catheter was 
45 ml/min. The connecting tube from the pressure catheter to the 
pressure transducer was of a rigid material. We used SELDINGER aorto­
graphy catheters. 
Fig. 41 shows the response of flow through the catheter to increasing 
pressure. The pressure in the filling reservoir was measured with a 
mercury manometer connected via an air-inlet needle. 
Pressure was raised using a hand operated pump and a pressure balloon. 
During the urodynamic investigation the bladder was filled normally 
with a pressure of 68 cm hUO on the catheter giving a flow of 0.75 
ml/sec. 
During unstable bladder provocation tests this pressure was raised 
to 200 mm Hg,giving a flow rate of 1.33 ml/sec. In the literature 
there is agreement that the normal filling speed of the bladder during 
investigation should be 0.33 ml/sec to 0.50 ml/sec. (GLEN, 1973) 
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Fig.41.Relationship between pressure and flow in the intra­
vesical pressure catheter 
III.6.2.2.2. INTRARECTAL PRESSURE MEASUREMENT 
A NELATON disposable catheter (PHARMAPLAST) was used for intra­
rectal pressure measurement. The Nijmegen Medical Faculty Technical 
Service measured it as having an inner diameter of 3.8 mm and an 
outer diameter of 5.5 mm. The cross sectional area of the lumen 
was thus 1.92 χ 3.14 = 11.33 mm2. 
This rectal catheter also had two side-openings near its closed tip, 
and was filled with fluid from which all bubbles had been flushed. 
The end of the catheter was introduced to a distance of 12 cm beyond 
the anal sphincter. 
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Occlusion of the catheter by faeces occasionally happened but was 
easily recognisable from the pressure tracing and could be corrected 
by flushing. It was important not to use too great a volume during 
this flushing since normal saline has an irritant effect upon rectal 
D 
mucosa and can stimulate bowel contraction (see Fig.104 ). 
Contrary to the method of HODGKINSON (1961) we did not use balloon 
catheters, preferring open hydrodynamic systems in both rectum and 
bladder. The use of catheters with side-openings covered by balloons 
always gives -no matter how thin the rubber of the balloon- loss of 
pressure transmission due to the elasticity thereof. 
The bladder and rectal catheters were inserted under sterile condi-
tions and were taped to the inner side of the thigh and to the vulva 
(see Fig.49). Kinking of the catheters was avoided as this caused 
serious delay in the pressure transmission. Free transmission was de-
monstrated by asking the patient to cough. 
Simultaneous peaks of high amplitude could then be seen on both 
channels. A blockage or kinking of the catheters caused a character-
istic slow response to pressure change with delay in return to base 
line levels. 
Ill.6.3.UR0FL0WMETRY APPARATUS 
We used the DISA MICTIOMETER, type 14F40. This unit con-
sisted of an electronic unit,-the uroflowmeter type 14F41 and a mecha-
nical component- the uroflowtransducer type 14F42. 
In the centre of the transducer cup was a DC motor mounted under a 
lightweight, grooved disc. Urine falling onto the rotating disc was 
thrown off when it reached the rotational velocity of the circum-
ference of the disc, and thus had a braking effect on the motor. 
The electrical energy necessary to maintain a constant rotational 
velocity is proportional to the flow of urine. The transducer cup is 
surmounted by a collecting funnel into which urine fell from the ex-
ternal urinary meatus. In this funnel was a metal grill which directed 
103 
the urine vertically onto the disc. The transducer cup was mounted on 
a retort stand. A measuring cylinder collected the urine from the 
transducer (see Fig. 43). The electronic component of the mictiometer 
computed the flow rate in ml/sec. 
Recording of the uroflow diagram was performed on the lower-most of 
the four channel write-out. The range of this uroflowmeter was 
0-50 ml/sec. The minimum detectable flow rate was 0.5 ml/sec. 
Exceptionally rapid alterations in the flow rate were dampened electro-
nically by a time constant of 0.5 or 0.1 sec. 
Fig.43.Uroflowmetric set-up 
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III.6.4. THE PRESSURE TRANSDUCERS 
We used two DISA type 51D142 transducers for the simultaneous 
pressure measurements. This was a transducer of the capacitive type. 
The capacity varies as a function of pressure. A membrane was dis-
torted by rises of pressure. The condensor consisted of a diaphragm 
at zero potential and an electrode which was isolated from it (see 
Fig. 42). 
Fig.42.Pressure transducer 
The pressure transducers were connected to an impedance converter, 
type 51E01 via an oscillator, type 51E022 (DISA) see Fig.s 44 and 
48. 
The oscillator and impedance converter formed a measuring system based 
on frequency modulation followed by demodulation and amplification. 
The transducer is suitable for measurement of static and dynamic 
pressures in the range 0 - 200 mmHg. Standardisation was performed 
with a column of water (see Fig.s 45 and 47). The pressure transducers 
were mounted on a stand in such a way that they could be placed on the 
same horizontal level as the upper border of the patient's symphysis 
pubis. The frequency range of these transducers has been given by the 
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manufacturer as О - 80 Hz giving a possible error in the pressure 
range 0 - 100 mm Hg of ГА. 
Fig.44. Oscillator 
The oscillator provided a high frequency signal, the frequency being 
inversely proportional to the pressure transmitted to the transducers. 
The frequency range of the oscillator was 4.4 - 5.6 MHz. 
The impedance converter detected the signals from the transducers and 
converted them to a linear form. The system was based upon frequency 
modulation of a carrier wave by means of a change in reactance. The 
processed signals from the pressure transducers were recorded on 
channels two and three of the paper write-out (see Fig.40). 
III.6.5. ELECTROMYOGRAPHY APPARATUS 
Electromyography of the pelvic f l o o r was performed using the 
DISA EMG-amplifier type 14C13 which had s e n s i t i v i t i e s of 5-500 yV/div. 
or 1-20 mV/div. I ts frequency l i m i t s can be ei ther 2-50 Hz or 
10-0.5 KHz. Cal ibrat ion was performed against a standard of 20 mV/div. 
The amplif ied EMG was recorded on the uppermost channel of the w r i t e -
out. We used bipolar concentric needles of lengths of 23 mm, 33 mm or 
43 mm. 
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Fig.45. 
Stand with electromyo-
graphy arm and pressure 
transducers. 
Please note the variable 
position of the different 
parts. 
Fig.46.EMG needles and needle holder 
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The patient was earthed 
via an electrode on her 
ankle (see Fig.47). 
Fig.47. 
Set-up of the electromyo-
graphic leads, pressure 
transducers and catheters 
Fig.48.The upper two units are the impedance converters for the 
pressure measurements. Below left electromyography ampli-
fier, below right the mictiometer 
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Initially electromyograms were made from several perineal muscles but 
later only the external anal sphincter was used. A loud speaker connec-
ted with the apparatus insured correct position of the needle though 
the anal sphincter is in fact readily locatable with the naked eye. 
Fig.49.Electromyography needle, intrarectal catheter and 
transurethral catheter in situ 
The pelvic floor, including the external anal sphincter and the striated 
muscles around the lower end of the urethra, contracts as a single unit 
(FRANKSSON, 1953, PETERSEN 1955, TANAGHO, 1971). 
Several authors showed parallel functioning of the external anal 
sphincter and the external urethral sphincter (CARDUS, 1963, ALLERT, 
1968, MARBERGER, 1971). DOYLE (1974) disagreed. 
This parallel function and topographic simplicity allowed us to use 
this method. The functional unity of the pelvic floor can easily be seen 
by eliciting the bulbocavernosus reflex. 
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III.7. CYSTOURETHROSCOPY 
One of the more delightfull investigations of urinary inconti-
nence analysis is cystourethroscopy which allows direct visualisation 
of the internal aspect of the lower urinary tract. Most workers use 
water cystoscopy which is a time consuming and rather damp provoking 
business and the view through water is always less than that through 
a colourless gas. 
KELLY in 1893 was the first to fill the bladder with gas, and HARTL 
copied this method of bladder insufflation in 1953 (ROBERTSON, 1973). 
The invention of glass fiber optics brought a whole new dimension to 
medicine, and allowed direct visualisation of virtually every internal 
organ. 
Ill.7.1.THE APPARATUS 
ROBERTSON developed a cystourethroscope in 1968 which was 
based upon the original KELLY device, making use of fiber optics and 
carbondioxide which made possible near perfect views of the urethra, 
bladder neck and trigone. By using the discovery of HOPKINS greater 
illumination was obtained and the field of vision was 20% greater 
through gas than through water. The cystourethroscope consisted of an 
open barrelshaped tube with an handle on it, similar to the old KELLY 
cystoscope. The urethral length could be measured by cm markings along 
the barrel. A tapered obturator could be used for insertion. A bridge 
with a two way stop-cock system and a channel for passing a ureteral 
catheter slips inside the barrel of the instrument. The HOPKINS 
telescope was inserted into the bridge and locked in place, making the 
system air-tight . The bladder was viewed with a fore/oblique or right 
angle lens and the urethra was viewed with a straight-on lens. The 
system was designed for gas insufflation but it is possible to use 
water if preferred (ROBERTSON 1973). 
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III.7.2. THE METHOD OF INVESTIGATION 
The patient was placed in lithotomy position. The external ure-
thral orifice was anaesthetised with lidocaine. The scope was placed 
against the orifice, which was than forced open by the gas pressure. 
The scope was slowly advanced through the urethra which was dilated 
by insufflated gas. This achieved an atraumatic urethral dilatation. 
With the scope in the bladder it was possible to sample any residual 
urine or even to selectively sample fluid from a ureteral orifice 
for bacteriological or other investigation. 
III.7.3. INTERPRETATION OF THE FINDINGS 
The urethral mucosa was inspected to exclude diverticulae, 
possible atrophy, vascularisation, etc. It was also possible with this 
gas cystourethroscope to make a urethral pressure profile (see III.8.). 
It was possible to study the behaviour of the bladder neck and proximal 
urethra during such manoeuvres as coughing, bearing down and tightening 
up. Normally the proximal urethra and bladder neck are closed and re-
main so when the intra-abdominal pressure is raised. 
An observed opening of the bladder neck and its slow closure suggests 
sphincter incontinence. Incontinent patients often had an oval internal 
urethral orifice .The plicae of urethral mucosa in incontinent patients 
often showed a funneling and a rifling effect, while in normal patients 
they are transverse. In the bladder neck and the mid-urethra the same 
appearances existed. 
Urethritis,trigonitis and cystitis could be observed as could the 
frozen urethra that sometimes follows unsuccessful surgery. 
A cystocoele could be appreciated by the finding of a sudden ravine 
after passing the internal orifice on the dorsal side. 
The motility of this area could be assessed during the above manoeuvres . 
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III.8. THE URETHRAL PRESSURE PROFILE 
III .8.1.GENERAL CONSIDERATIONS 
Once we realise the basic principle that fluid can only flow 
when there is a pressure gradient we can understand why many investi-
gators have sought a relationship between bladder pressure, urethral 
resistance and urioary flow rate. SCHWARTZ in 1921, who performed supra-
pubic bladder puncture to measure the intravesical pressure, sought a 
relationship between urethral resistance and detrusor pressure. 
DENNY-BROWN (1933) determined the relationship between flow rate and 
resistance. ENHORNING (1961) brought with his study of simultaneous 
pressure measurements in the bladder and urethra the work of his 
predecessors into focus. 
TOEWS (1967) measured intra-urethral pressure and stated that the 
pressure relations of patients with sphincter incontinence differed 
significantly from those of normal people and according to her, ageing 
and inherent weakness played a greater role in the etiology of sphincter 
incontinence than did parity. She measured the urethral length, of 
great importance according to LAPIDES (1960,1961), and came to the 
conclusion that urethral length did not correlate with the symptoms 
of sphincter incontinence. 
BROWN and WICKHAM (1969) considered that it was necessary to develop 
a system by which the effective pressure exerted on the urethral wall 
could be measured. These authors did not think it possible to do this 
using balloons and made use of a 12 Ch intra-urethral catheter with 
side-openings. The catheter was inserted in the bladder and a drip-set 
was used to produce a perfusion rate of 2 ml per minute, the catheter 
being connected with a pressure chamber. The catheter was then slowly 
withdrawn and the pressure changes along the length of the urethra 
were recorded using a paper speed of 1 cm/sec. In this manner the 
authors thought they had made a quantitative measurement of pressure, 
and came to the conclusion that the use of a catheter with a single 
side-opening could introduce errors. They recommended multiple openings 
for future use. 
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THE URETHRAL PRESSURE PROFILE 
SY = symphysis pubis 
BL = bladder 
WM = withdrawal motor 
PT = pressure transducer 
CP = closure pressure 
EP = external pressure 
CFP = catheter flow pump 
CPT = catheter position transducer 
UWP = urethral wall pressure 
IVP = intravesical pressure 
FUL = functional urethral length 
AUL = anatomical urethral length 
Fig.50.The urethral pressure profile 
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HARRISON and CONSTABLE (1970) modified the technique of BROWN and 
WICKHAM by the addition of a catheter position transducer, which en-
abled them to perform a pressure profile without the necessity of cal-
culating the paper speed. The X-axis represented the distance in cm, 
the Y-axis the measured pressure in cm HpO. A second improvement was 
obtained by replacing the drip-set by a motor-driven syringe, while 
the withdrawal of the catheter remained manual (see Fig. 50). 
RITTER (1970) made critical commentaries on intra-urethral pressure 
measurements and said LAPLACE's law (pressure in the bladder= tension 
in the wall divided by twice the radius) did not apply to the bladder 
and urethra. He added that a catheter with side-openings which is lying 
in the urethral flow, measured static pressure, while an open-tip 
catheter faced into the normal flow and measured both static and dyna-
mic pressures. The side-openings of urethral catheters introduce in-
herent faults, and RITTER pleaded for more study to be made of the 
urinary flow from the external meatus (DONKER, 1976). 
TANAGHO (1972) who had made many studies of the mechanisms of urinary 
continence, in which he underlined the role of the striated muscles 
of the pelvic floor (1969) as evidenced by the increase in intra-
urethral pressure resulting from stimulation of the pudendal nerve and 
the decrease of the urethral closing pressure after curarisation , 
investigated children with recurrent or persistent urinary tract in-
fections or symptomatic distal urethral stenosis. In this group 
"the mid-urethra! pressure is abnormally high because of the spasm of 
the striated external sphincter. The pressures at the internal meatus 
and in the proximal urethra were within normal limits, eliminating the 
vesical neck as the site of functional obstruction". 
TANAGHO (1972) suggested that in cases of sphincter incontinence with 
a cystocoele the outer longitudinal muscle layer,which is continuous 
with that of the bladder, was placed in an abnormal position by the 
prolapse of the bladder neck. Efficient functioning of these muscles 
as part of the closure mechanism was hindered. The resistance of the 
urethra was thus decreased. 
EDWARDS (1973) described how the sphincter resistance could be measured 
by determining the flow and the voiding pressure. The resistance could 
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be calculated according to the formula : R= voiding pressure _ 
flow 
The sphincter resistance could also be calculated with help of the 
urethral pressure profile and equalled urethral pressure minus intra-
vesical pressure. In 1974 he described the influence of the type of 
catheter, perfusion speed and withdrawal speed upon measurement of the 
profile and concluded that the use of 8,10 or 12 Ch catheters made no 
difference while the perfusion rate had a critical lower level of 
2 ml/min. The withdrawal rate should be less than 20 cm/min. in order 
to obtain a good pressure amplitude. 
GLEN (1973) used a double lumen catheter with a thickness of 10-14 Ch 
and a perfusion rate of 2 ml/min. He concluded that simultaneous mea-
surements of the urethral pressure profile and intravesical pressure 
were essential since involuntary detrusor contractions during the pro-
file measurement could open the bladder neck, change the urethral 
length and alter the profile. The bladder volume during profile measu-
rement was also important especially in the region of the maximum 
capacity. The pressure profile changed markedly at this time and the 
functional length was less. 
GRIFFITHS (1973) called the region from the bladder neck to the point 
of maximum urethral pressure the compressive zone, and stated that the 
flow rate is proportional only to the properties of the compressive 
zone and the bladder pressure. The flow rate in the catheter during 
profile measurement should be 1 - 4 ml/min. and thicknesses from 
5 - 19 Ch did not make any difference. GLEN, GLEASON and R0TTEMB0URG 
did not completely agree with these conclusions. 
GRIFFITHS concluded that the transmission of abdominal pressure changes 
to the urethra were mainly mechanical with little contribution from 
reflex muscular contraction. The intra-urethral pressure depended both 
on position and urethral radius. The mean intrinsic urethral pressure 
was, he said, a little higher with the bladder full, than with it 
empty. Because changes in intra-abdominal pressure were transmitted 
to both bladder and compressive zone, they had relatively small effect 
on the flow rate. 
GLEASON (1974) described a mechanical withdrawal method of the cathe-
ter for profile measurement for which he used an infusion pump. 
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This author advised the use of an 8 Ch catheter with side openings and 
a withdrawal speed of 0.97 cm/mm. The infusion rate was 2 ml/min. 
GLEASON introduced the term "continence line", for the point below 
which fluid that came into the urethra did not return to the bladder, 
but escaped via the external meatus. The area from the bladder neck 
to the continence line he called the continence zone. GLEASON also 
found that the urethral pressure profile altered with increase in 
bladder volume, while the continence line became closer to the 
bladder. 
The problem of what exactly was being measured and whether there was in 
fact a pressure within the urethra, was side-stepped by GLEASON. 
He stated that there was a static pressure within a closed urethra, 
and whetheror not the profile was an artefact, that artefact was a use-
ful measurement. GLEASON concluded from his studies that the bladder 
neck was not an essential part of the continence mechanism, thus 
standing in direct opposition to such other authors as TURNER-WARWICK, 
(1975). 
GRABER (1974) made a study of pressure measurements in the urethras of 
dogs and came to the conclusion that the closure pressure could be 
considered a result of the combined action of three components: 
the passively transmitted force, the active adaption of the smooth 
muscles, and the contraction of the striated muscle system. 
Smooth and striated muscles reacted in his opinion as a unit, each en-
hancing the effect of the other. 
KIESSWETTER(1974) pointed out the finding of GITSCH and BRANDSTETTER 
in 1954 that the pressure in the urethra was dependent on the menstrual 
cycle. In the mid-cycle the pressure under the influence of oestrogen 
was at its highest. He observed a very strange pressure profile in 
patients with sphincter incontinence: when the bladder was empty there 
was a marked pressure peak in the curve from the bladder to the top of 
the urethra,but as the bladder filled this peak decreased in height. 
ROBERTSON (1974) studied urethral pressure profiles using the CO2-
cysto-urethroscope that he had developed. The form of the cystometro-
gram tracings with liquid and gas are similar, according to this author . 
R0TTEMB0URG (1975) emphasised the necessity to standardise these 
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measurements, as many authors had said during the years 1970-1976. 
The number of side-holes should not be less than 6-8, and the with­
drawal speed could be as great as W cm/mi η, without introducing errors. 
Rigid catheters would give the highest amplitudes, but traumatise the 
urethra. He therefore recommended semi-rigid catheters of 8 Ch gauge 
which were easy to insert into the urethra unlike very pliable ones. 
He advised side-openings of 0.34 mm diameter, a perfusion of 5 ml/min, 
and a withdrawal speed of a standard 10 cm/min. These techniques would 
measure a hydrodynamic pressure rather than a hydrostatic pressure, 
he claimed. 
BROWN (1975) defended his method by saying that attention to such de­
tails as the total exclusion of all air bubbles, leakages and excessive 
length of soft tubing in the pressure circuit, maintenance of an ade­
quate pressure head in the main reservoir, a slow withdrawal rate and 
a good response time would give good results. 
ASMUSSEN (1975) remarked that open hydrodynamic systems had disadvan­
tages in that they were difficult to calibrate and could have inade­
quate frequency responses. Measuring artefacts were possible, from 
blocking of the side holes by the urethral wall and from air in such 
open systems. He recommended the use of microtransducers mounted in 
the tip of a dacron catheter. This method gave a much better intra­
urethral pressure measurement. He concluded that, if an open tip 
catheter was used, it should be 6-8 Ch. A perfusion rate of 1-2 ml/min. 
and a withdrawal rate of 3-4 mm/sec. should be used. 
JONAS (1975) compared the different methods of pressure measurements, 
and concluded that with an open tip catheter with simultaneous per­
fusion the opening pressure of the urethra was measured. Whenever this 
open hydrodynamic system was changed, through failure to use an open 
tip, i.e. side openings with simultaneous perfusion, the urethral wall 
tension was measured against the perfusing fluid. A closed hydrodynamic 
system formed by a catheter whose side holes were covered with a thin 
balloon was according to JONAS the only valuable method to use, but was 
limited by the construction and calibration of these systems. This was 
the only possible method to measure the resistance of the urethral 
wall. MARTIN (1975) disagreed after a large study using models. He said 
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that the method of BROWN and WICKHAM did measure the local pressure of 
the urethral wall. 
That there is still no uniform standardisation of these techniques can 
be seen from the published investigations of McGUIRE (1976). He used 
a catheter with a single side opening to perform pressure profile 
measurements. 
III.8.2. METHOD OF URETHRAL PRESSURE PROFILE MEASUREMENT 
USED IN THIS STUDY 
In our investigation programme the measurement of the urethral 
pressure profile was not performed routinely. It seemed to us.follo-
wing our study of the literature and after consultation with other 
investigators in the field of urinary incontinence that this particular 
investigation is still in a research phase. 
Measurement of the urethral pressure profile was meant as a test of the 
urethra and has an experimental value for testing the effects of various 
therapeutic agents. We do not believe that the urethral profile can be 
used as a test of urethral function nor that it has a particular value 
in diagnosis at this moment. 
Although the urethral pressure profile was measured using the CO--
cysto-urethroscope of ROBERTSON during the latter part of our series it 
does not appear to be sufficiently objective and therefore we have not 
included it in our routine investigative programme. 
III.9.ELECTROMYOGRAPHY 
FRANKSSON (1953) published the results of his first experiments 
with the use of needle electrodes for electromyography of the bladder 
and internal urethral sphincter. These electrodes were introduced trans-
urethral ly. He found characteristic bursts of deflection of 50-400 
microvolts during filling of the bladder with normal saline. 
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They lasted for J to 3 seconds with intervals of J-20 seconds. During 
these high-voltage bursts there was a continuous low activity of 20-40 
microvolts, with a frequency of 5-25 per second. He pointed out that 
potentials from two different segments of the bladder alternated. 
PETERSEN (1955) performed electromyography of the muscles of the pelvic 
floor and urethra in normal women. He emphasised the importance of the 
pubococcygeal muscle, which as the medial portion of the levator am* 
was most liable to trauma. From his investigations this author con-
cluded that there was no fundamental electromyographical difference 
between the pubococcygeal muscle and the urethral sphincter muscula-
ture. Parous women had less activity on the dorsal side of the urethral 
musculature than on the ventral and lateral sides. 
HUTCH (1968) found from electromyography of the peri-urethral muscles 
and of the pelvic floor that the levator ani (particularly the pubo-
coccygeus), the external anal sphincter, the superficial transverse 
perineal muscles, the bulbocavernosus muscles, the striated muscles 
of the urogenital diaphragm and the striated para-urethral muscles all 
acted as a whole, because of their common innervation by the pudendal 
nerve. 
POLLAK (1971) compared the use of various sorts electrodes for electro-
myography and concluded that coaxial needles -such as we used- produced 
less distortion than bipolar needles. The fidelity of the record 
approached that of unipolar needles, whilst most the advantages of a 
closely packed electrode assembly, such as ease of handling and low 
noise and interference pick-up were preserved. 
DONKER (1972) combined measurement of the urethral pressure profile 
with simultaneous electromyography of the external urethral sphincter. 
He inserted a needle electrode lateral to the external meatus and 
alongside the urethra to a depth of 1-3 cm, locating the sphincterwith a 
sound amplifier.He studied the influence of various drugs such as para-
sympatheticolytics, parasympatheticomimetics, sympatheticolytics, and 
-mimetics, vasoconstrictors and striated muscle relaxants. He concluded 
from this study that the urethral pressure profile was mainly deter-
mined by smooth muscle activity, and that the innervation of this tissue 
was sympathetic. After administration of suxamethonium the pressure 
profile hardly changed, only the pressure in the proximal urethra from 
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the bladder neck until the point of maximal urethral pressure was 
slightly lowered. Alphablockers markedly diminished the pressure espe-
cially in the mid-urethra, while adrenergics returned this pressure to 
normal. 
COSGROVE (1974) studied the electromyography of the detrusor muscle 
inserting the electrodes via a cystoscope. He confirmed the findings of 
FRANKSSON (1953) concerning the amplitude of the potentials, but found 
that they had a shorter duration. 
DOYLE (1974) thought that electromyography of the detrusor was valuable 
in difficult diagnostic problems as an important aid to urodynamic in-
vestigation. He inserted transvaginal electrodes into the trigone. 
Comparison of the potentials of the external anal and urethral sphincters 
caused this author to doubt the parallel functioning of these two 
muscles, which other authors (e.g. MARBERGER, 1971) had described. 
DOYLE pleaded that measurement of the external anal sphincter poten-
tials should be dropped. Later (1975) he confirmed the existence of 
two types of detrusor electromyograms. The first was low frequency 
activity, random in nature and showing definite patterns in disturbed 
bladder function. The second was high frequency activity similar to 
that of striated muscles. 
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CHAPTER IV 
OWN INVESTIGATION 
IV.1.1. THt MATERIAL 
Patients who were referred from general practitioners.other 
gynecologists or urologists during the period 1 september 1972 to 1 
november 1975 were used for this study. No further selection was per-
formed. Fifteen patients who presented during this time were not in-
cluded because of worthless urodynamic analysis, technical and calibra-
tion faults in the apparatus or failure to complete the whole investi-
gation. There was thus a mixed group of patients, many of whom were 
investigated for the first time for their urinary incontinence, but 
some of whom were problem patients who had already had various forms 
of operative interference for their urinary incontinence. 
The total number of completed urodynamic investigations was 194. 
IV.1.2. PATIENTS' AGES 
Ages were taken to the nearest year, and are shown in a histo-
gram in 5 year age-groups.There was a mean age of 48.2 yr with a s.d. of 
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11.7 years and a range of 20 to 77 years. 
Number 
35-1 
3 0 -
2 5 -
2 0 -
1 5 -
1 0 -
n =194 
20 30 40 50 60 70 80 Age (years) 
Fig. 51 Ages of patients studied 
I V . 1 . 3 . HEIGHT AND WEIGHT OF THE PATIENTS 
I V . 1 . 3 . 1 . RELATION BETWEEN HEIGHT AND WEIGHT 
The height and weight of 147 patients was known. The body 
weight was reckoned to the nearest kg, and the height to the nearest cm. 
Calculation of the l inear regression of height and weight was perfor-
med by the least squares method. The resul t was: 
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WEIGHT (kg) = + 0.622 χ HEIGHT (cm) - 32.8 
(n= 147; r= 0.344; p< 0.0СЮ5; d.o. f .= 145; s . d . e =10.2 kg ) 
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confid. 
interv. 
for the 
individ. 
weight 
Τ Ι Ι Ι Ι Ι Γ 
148 152 156 160 164 168 172 176 180 
Length (cm) 
Fig. 52 The relation between height and weight 
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In f i g . 52 weight is plotted against height. For the calculat ion of 
the l inear regression weight was the dependent variable on the Y-axis 
and height the independent variable on the X-axis. 
The formula for l inear regression i s : y = ax + b 
The graph also shows the 95% confidence intervals for mean(II) and 
for i nd i v i dua l ( I I I ) weights. The regression l ine Y on X is presented 
( I ) . Age was not taken into account in th is re lat ionship. 
The corre lat ion coef f ic ient ( r ) was + 0.344 . I f we introduce an extra 
parameter, age, which could have a strong influence on mean weight, 
the corre lat ion coef f ic ient would probably have been closer to uni ty . 
The correlat ion coef f ic ient changed from +0.344 to +0.39 (see IV .1 . 
3.2.) when the influence of age was introduced. Parameters other than 
age must exist to cause th is scatter. 
I V . 1 . 3 . 2 . THE RELATION OF HEIGHT AND WEIGHT OF OUR INCON-
TINENT PATIENTS COMPARED WITH A DUTCH CONTROL 
GROUP 
I t seemed to us that i t might be valuable to compare the 
weight height relat ionship we had found in our patients with that of 
a cross section of the female population of the Netherlands in the 
years 1973 - 1974. 
To our surprise there were no such data available for the age group 
20 - 75 years. COLLETTE (1976) investigated excessive weight in 9000 
women from UTRECHT 0VERVECHT From these 9000 sets of height, weight 
and age we randomly selected 489. 
For th is random sample we calculated the regression of weight on 
height in the same way as in IV.1 3 . 1 . 
Using the F-test there was a s ign i f icant difference between the re-
gression l ines for the UTRECHT control group and the NIJMEGEN patient 
group. ( F ( d i 0 _ f _ = 3 ( 6 3 0 ) = 3.654 ; 0.Ul<p<0.025 ) 
The NIJMEGEN patient was on the average heavier than the average 
UTRECHT control with the same height. 
Since not only the height but also the age played a ro le , we calcu-
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lated the linear regression of the weight on the parameters height 
and age according to the formula: y= ax, + bx« + с 
The following regression formulas resulted. 
NIJMEGEN PATIENT GROUP 
WEIGHT (kg) = 0.673 χ HEIGHT(cm) + 0.180 χ AGE(yr) -49.9 
( n=147; r= 0.39; s.d. = 10.0 kg; d.o.f.=144; p< 0.0005 
UTRECHT CONTROL GROUP 
WEIGHT (kg) = 0.673 χ HEIGHT(cm) + 0.387 χ AGE(yr) -61.0 
( n=489; r= 0.53; s.d.
e
= 8.3 kg; d.o.f.=486; p<0.0005 
Using the above regression lines we calcaiuted the mean weights of 
NIJMEGEN patients at various heights and ages. A ratio was calculated 
for these weights and corresponding mean weights of UTRECHT controls. 
The below table represents the resulting weight relationship as a func­
tion of height and age. 
1Ь0 cm 1.15 1.10 1.05 1.01 0.98 0.95 
160 cm i.U 1.08 1.05 1.01 0.98 0.95 
170 cm 1.11 1.08 1.04 1.01 0.98 0.96 
180 cm 1.10 1.07 1.04 1.01 0.98 0.96 
weight average NIJMEGEN patient 
Tab. I Ratio — — • ^— •—• * as a function of 
weight average UTRECHT control 
height and age 
It is clearly demonstrated that the deviations from unity are mainly 
caused by the influence of age. The deviation ( 10% - 15% ) is greatest 
for the 20 yr age group. The ratio shows its greatest increase in the 
shorter patients in this group. 
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The above findings confirm our clinical impression that women with 
urinary incontinence tended to be obese; this phenomenon was especially 
striking in the younger patients. Moreover the average weight of the 
NIJMEGEN patients below the age of 54 years, -irrespective of age and 
height- was greater than the average weight of the UTRECHT controls. 
69% of our patients were aged less than 54 years. It should finally be 
said that one of COLLETTE's (1976) conclusions was that over-weight 
frequently occurred in the UTRECHT group. 
IV.1.4. PARITY 
Parity was known for 184 of the 194 pat ients. These 184 patients 
had borne 612 ch i ldren; the i r mean par i ty was 3.32 and the median par i ty 
was 3 ;the range was 1 1 - 0 
I V . 2 . PATIENT GROUPS 
Following the patients f i r s t v i s i t to the out-pat ient depart-
ment, at which a detai led history ( see I I I . 1 . 1 . ) was taken and a gene-
ral physical and gynecological examination ( see I I I . 2 . and I I I . 3 . ) was 
'performed , an appointment was made for ei ther i n - or out-pat ient uro-
dynamic analysis. The out-pat ient analysis was performed on patients 
whose incontinence did not seem to be complicated. Patients with a long 
history or with previous unsuccessful I attempts at cure were evaluated 
as in-pat ients . I f the out-pat ient urodynamic analysis indicated fur ther 
invest igat ion in the form of cystoscopy or XCCR or the poss ib i l i t y of 
operative therapy admission was arranged. 
The patients were divided therefore into the fol lowing groups: 
a. non-operative, out-patient group : 32.5% (n=63) 
b. non-operative, in-pat ient group : 21.1% (n=41) 
c. operative group : 46.4% (n=90) 
Group a. patients did not have cystourethroscopy or XCCR performed. 
The remaining patients had these invest igat ions. 
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IV.3. ГНЕ PROCEDURE FOR URODYNAMIC ANALYSIS 
All the analyses during the period of this investigation were 
performed by the author himself since knowledge of the apparatus and 
procedures as well as the interpretation of the recordings at the 
time did not allow the delegation of this work. 
Patients were requested not to empty their bladders if possible for two 
hours before their appointment for analysis. 
IV.3.1 SPONTANEOUS FLOW MEASUREMENT 
IV.3. 1. 1. TECHNIQUE 
A brief explanation of what 
was involved in the inves­
tigation was given to the 
patient and she was then 
asked to sit on the inves­
tigation table. The flow 
meter (see III.6.3.)was 
then calibrated on 0 -20 
ml/sec. The flow meter 
collector was then placed 
against the vulva and the 
patient was asked to mic­
turate in a normal manner. 
The quantity of urine was 
read off from the side 
markings on the measuring 
cylinder (see fig.43). 
The table was then tilted 
head-downwards by approxi­
mately 30 degrees. 
Fig. 53 Set-up for spontaneous flow measurement 
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I V . 3 . 1 . 2 . RESULTS OF SPONTANEOUS FLOW MEASUREMENTS 
quantity flowtime time to max.flow 
max.flow rate 
in ml in sec in sec in ml/sec 
number 158 156 155 156 
median 
range 
mean 
s.d.*1 
145 
960-5 
187 
153 
25 
149-6 
31.4 
23 
8 
64-2 
9.6 
8.5 
13 
32-1 
14.6 
8 
Tab. II Spontaneous flow data for all patients measured 
Division into diagnostic groups as explained in V.3. provided the 
following information. 
definite probable mixed detrusor other 
sphincter sphincter mcont. incont. diagnosis 
incont. incont. 
not measured n=34 n=37 n=47 n=63 n=13 
measured 
median 
range 
mean 
s.d. 
n=28 
120 
550-25 
168 
138 
n=27 
150 
600-50 
194 
162 
n=42 
200 
600-10 
217 
151 
n=52 
145 
960-8 
179 
164 
n=9 
100 
330-45 
151 
116 
Tab.Ill Spontaneous quantity (in ml) in the various diagnostic groups 
Since it was impossible to standardise the degree of filling prior to 
this initial spontaneous emptying of the bladder the resultant quanti-
ties showed a great scatter. Further conclusions were not made there-
fore from this information. 
128 
definite probable mixed detrusor other 
sphincter sphincter incont. incont. diagnosis 
incont. incont. 
not measu 
measured 
median 
range 
mean 
s.d. 
ired n=34 
n=28 
28 
90-6 
29.6 
17.7 
n=37 
n=27 
29 
132-11 
3/.3 
29.8 
n=47 
n=41 
20 
81-9 
24.5 
17.4 
n=63 
n=51 
24 
149-7 
31.8 
23.4 
n=13 
n=9 
40 
94-24 
51.1 
24.9 
Tab IV Spontaneous flow time in sec. in the various diagnostic groups 
Flowtime depends amongst other things on the total quantity and the 
maximum flow rate. Because the voided quantity did not show a normal 
distribution further statistical analysis of the above data was not 
performed. 
definite probable mixed detrusor other 
sphincter sphincter incont. incont. diagnosis 
incont. incont. 
not measur 
measured 
median 
range 
mean 
s.d. 
ed n=34 
n=27 
8 
24-2 
9.5 
6 
n=37 
n=27 
8 
64-2 
10.7 
11.6 
n=47 
n=40 
6 
25-2 
7.3 
4.9 
n=63 
n=52 
6 
32-2 
7.9 
5.2 
n=13 
n=9 
6 
15-4 
13 
10.1 
Tab. V Time to maximum flow in seconds in the various diagnostic 
groups 
Calculation of the ratio of time to maximum flow to the total flow 
time (see IV.7.1.) for the various diagnostic groups gave results of 
25% - 32% using the mean values. 
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When median values were used in this calculation, the results were 
15% - ¿0%. The "other diagnosis" group had a ratio of 15% as against 
25% - 30% in the other groups (using mean values). 
We can therefore conclude that in half the patients with an "other 
diagnosis" the flow time was long in comparison to the time to maxi-
mum flow. This can perhaps be explained by the fact that this hetero-
genous group contained patients with neurogenic bladders and flow dis-
turbances. 
not measur 
measured 
median 
range 
mean 
s.d. 
•ed 
definite 
sphincter 
incont. 
n=34 
n=28 
12 
30-3 
13.0 
7.3 
probable 
sphincter 
incont. 
n=37 
n=27 
13 
30-5 
14.2 
7.8 
mixed 
incont. 
n=47 
n=41 
19 
32-3 
18.1 
8.9 
detrusor 
incont. 
n=63 
n=51 
13 
30-3 
14.0 
7.4 
other 
diagnosis 
n=13 
n=9 
6 
15-4 
7.7 
3.7 
Tab. VI Maximum flow rate in ml/sec in the various diagnostic groups 
Again because of the lack of standardisation in the quantity of urine 
passed no comparison was possible with other published data. 
Using Student's t test the maximum flow rate in patients with a mixed 
incontinence was significantly higher than in patients with probable 
sphincter incontinence ( t=1.887 -.d.o.f. = 66; 0.025<p<0.05 ). 
The maximum flow rate for the group "other diagnosis" was lower than 
for the definite sphincter incontinence group ( t=2.832 ;d.o.f.=35; 
0.005<p<0.001). 
if) ADDENDUM 
In the previous and following tables a standard deviation is given 
in order to provide information on the spread of the data. This modality 
is calculated on the assumption of a Gaussian distribution.This was 
not so for all our data 
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I V . J . 2 . MEASUREMENT OF RESIDUE 
After spontaneous mic tur i t ion a trans-urethral catheter was 
passed and the quantity of residual urine measured and noted, the cathe-
ter was then removed. 
I V . 3 . 3 . INSERTION OF THE PRESSURE CATHETERS 
The trans-urethral pressure catheter (see I I I . 6 . 2 . 2 . ) was i n -
troduced under s t e r i l e condit ions, as was the in t rarecta l pressure 
catheter. These catheters were taped to the inner side of the thigh 
and vulva. 
I V . 3 . 4 . SETTING-UP OF THE ELECTROMYOGRAPHY ELECTRODES 
The earth lead for the electromyography was attached via a 
plate electrode to the pat ient 's ankle (see f ig .47) and the bipolar 
electromyography needle was inserted into the external anal sphincter 
muscle with the aid of an accoustic s ignal . 
The invest igat ion table was then level led and the patient sat up sup-
porting her elbows on the leg supports. A l l fur ther measurements we-
re made with the patient in th is posi t ion. The patient was asked to 
cough once and to bear down to check the pressure transmission in the 
apparatus. 
I V . 3 . 5 . CALIBRATION 
The ca l ibrat ion stand (see Fig.45.) was so positioned that the 
pressure transducers could be placed at the upper level of the pat ient 's 
symphysis pubis, while the f l u i d reservoir was situated 68 cm above the 
pressure transducers. 
The i n s t i l l a t i o n f l u i d was normal saline at room temperature. Thus there 
was a head of pressure in the system of 68 cm H^ O = 50 mm Hg. 
The f l u i d reservoir had an a i r - i n l e t needle, so that the pure water 
pressure could be measured. For provocation test ing a pressure balloon 
131 
was connected to the air-inlet needle making rapid filling of the 
system possible. 
The transducer chambers were connected via rigid SELDINGER aortography 
catheters to the intra-rectal and intravesical catheters. 
It is necessary to use such rigid connecting tubing in closed pressure 
circuits as has been stressed by BROWN (1975). 
Calibration of the system was performed with atmospheric pressure and 
the head of water in the fluid system(68 cm H^O) (see Fig.45). 
Calibration was performed before the start of the investigation and 
was checked several times during it. 
On the advice of the International Continence Society all pressures 
were reckoned in cm H2O. 
Time sec 
EMG 200 11V I 
Intravesicc 
p r e s s u r e 
Cm Н
г
О 
Intrarecta 
p r e s s u r e 
Cm H 2 0 
Flow ra te 
Ml /sec 
= EMG: 
= EMG: 
= EMG: 
= EMG: 
6 θ Ί 
I 
34-
0 -
6 8 -
3 4 -
0 -
20-1 
10-
o-l 
0 μ\ 
100 μ\ 
2 0 0 ¡JV 
3 0 0 μ\ 
1 P r e s s u r e 
' P r e s s u r e 
1 P r e s s u r e 
ì P r e s s i i r e 
c h a n n e l s : 
c h a n n e l s : 
c h a n n e l s : 
c h a n n e ! s : 
0 
34 
6 8 
102 
cm 
cm 
cm 
cm 
H O 
H 2 0 
н2о 
Η,Ο 
Flow 
Flow 
Flow 
Flow 
0 
10 
20 
30 
m l / s e c . 
m l / s e c . 
m l / s e c . 
m l / s e c . 
Fig.54. Calibration of the four channel recorder. 
At 1.) atmospheric pressure was made zero pressure. Zero lines 
for EMG and flow channels were chosen. 
At 3.) calibration of the channels at respectively 200 μν, 
68 cm H O and 20 ml/sec. 
At 2,3 and 4.) the calibration at other points on the scale was 
checked. 
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IV.3.6.RECORDING 
Next a recording was made of the pressures in the rectum and 
the empty bladder during which manoeuvres such as bearing down, 
tightening up and coughing were performed a few times. It was important 
that this recording was not too short, since a possible detrusor insta-
bility could be missed. 
The bladder was then filled with 100 ml of fluid, and the patient was 
asked if she noticed a cold sensation; recordings were then remade, 
all the above manoeuvres being repeated. After sufficient recording 
time the bladder was filled with EOO ml, and the manoeuvres again per-
formed. If no pressure undulations were seen in the intravesical 
channel, at a filling of 200 ml, the patient was asked to micturate, 
the catheters and the EMG apparatus remained in situ. 
During this micturition the patient was left alone in the investigation 
room, since the apparatus itself had a possible psychological influence 
on micturition and this influence should not be further increased by 
the presence of a relative stranger. 
Following this micturition the volume so produced was read off on the 
measuring cylinder and after the pressure recordings in both channels 
had returned to normal the bladder was again filled a hundred ml at 
a time, each filling interval being followed by recording and provo-
cation tests. If the measured volume passed indicated a residue in the 
bladder, this was taken into account in the filling so that the bladder 
contents were truly 100 ml or increments thereof. 
At 400 ml the patient was again asked to micturate under the same con-
ditions as previously. 
The bladder was then filled to its maximum capacity and the volumes 
at which slight and strong desires to micturate occured were noted. 
The patient again emptied her bladder into the flow meter. If after 
this process there should be a residue in the bladder, this was 
accurately measured by catheterisation following removal of the pressure 
catheters. 
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I V . 3 . 7 . PROVOCATION TESTS 
Various factors may influence the intravesical pressure. Atten­
t i o n was p a r t i c u l a r l y paid to the fo l lowing: 
' in t ra-ves ica l" factors 
2. "extra-vesical" factors 
- degree of filling 
- speed of filling 
- temperature of the instilled fluid 
l.rise in intra-abdominal pressure : 
- bearing down 
- coughing 
- rising off the table 
2.pelvic floor factors : 
- tightening up 
3.psychogen!с stresses : 
- the sound of running water 
- wetting the leg 
- talk of water, of the desire to mictu­
rate and making the sound "psssstt" 
Time sec 
EMG 200
 fi4 I 
6Θ 
Intravesical pressure 34 
Cm H 2 0 
68 
Intrarectal pressure 34 
Cm Н
г
О 
20 
10 
0 
Flow rate 
Ml /sec 
Fig.55.Bladder provocation by rapid filling with 190 ml normal saline 
at a temperature of 20 C. (see IV.3.7.1.) 
Pat. C-P-7; Ρ 9; 67 yr, ; clinical diag.: diabetes irellitus, 
urinary tract infection, irritable bladder. Capacity ?00 ml. 
Urodyn. diag.: detrusor incont.,- Ther.: pharm, (see also Fig.87). 
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During the filling there was a strong desire to void and a motor urge 
was visible. The intrinsic intravesical pressure increased. On the 
electromyography much activity could be seen, indicating the patient's 
active attempt to overcome her motor detrusor incontinence. Later, 
during permitted micturition the intrinsic intravesical pressure was 
lower than during the motor urge. 
250 ml 
Time sec H™W· 
EMG 200 /Ν Щ - * * · • 
68 Intravesicol pressure 34 
Cm Н
г
О 
Intrarectal 
pressure 34 
Cm Н
г
О 
COUGHS ANO HOLDING 
Flow rate 
Ml /sec 
VOIDING QUANTITY 
\'vlM, I ^in l u l l * ι .tu 
Fig.56.Provocation by coughing.(see IV.3.7.2.) 
Pat. C.P.-4; Ρ 1 ; 29 yr.; clinical diag.: detrusor incont. 
urodyn. diag.: detrusor incont.; Ther.: pharm. 
Immediately after coughing the intrinsic intravesical pressure was 
greatly increased, and the EMG indicated an active attempt to overcome 
the results of the detrusor activity. 
However this was impossible and 240 ml of urine were passed. The in­
trinsic intravesical pressure reached a remarkably high level. 
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4 0 0 m l COUGHS BEAR DOWN 
* * • 
4 5 0 ml 
Time sec 
EMG 200 μν I 
68 Intravesical pressure 34 
CmHoO 
' 0 
6Θ Intrarectal pressure 34 
Cm H 2 0 
2 0 T 
Flow rate
 1 0 Ml/sec • 
0 
COMMAND 
» RELAX 
Τ ' ""''Г 
•^-4-
ι 
Fig.57.Provocation by bearing down, at a filling of 400 ml. (see 
IV.3.7.2.1.) 
Pat. C.P.-19 ; Ρ II; 34 yr.; clinical diag.: detrusor incont., 
recurrent urinary tract infections. Urodyn. diag.: detrusor 
incont.; Ther.: pharm, plus urethral dilatation. 
After coughing the intravesical pressure did not completely return 
to normal as did the intrarectal pressure, and after bearing down 
a detrusor contraction occurred.Incontinence can be prevented by active 
contraction of the pelvic floor. EMG during the involuntary detrusor 
contraction was evidence of such muscle activity. 
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PROVOCATIVE 
5 0 0 m l TEST HOLDING 
Time sec *..., *
 (.* 
EMG 200 /iV 
pressure 34 
Cm H 2 0 
Intrarectal pressure 34 
Cm Н
г
О 
20 
Flow rate 
Ml /sec 10 
Ι ι 
COUGHS BEAR DOWN 
• • 
Fig.58.Provocation by the sound of running water.(see IV.3.7.2.3.) 
Pat. C.P.-10; Ρ III; 74 yr.; clinical diag.: chron.bronchitis 
and emphysema, atrophic vaginitis and urethritis, detrusor 
incont.; Urodyn. diag.: mixed incont. with psychogenic component 
Ther.: pharm. 
At a bladder filling of 500 ml a desire to void occurred, as could be 
seen by a rise in intrinsic intravesical pressure and an increase in 
EMG activity. The sound of running water caused no active inhibition 
of detrusor activity - the EMG potentials decreased- and detrusor 
contraction increased. 
The subsequent micturition could however be voluntarily stopped after 
passing only a fifth of the bladder contents. 
Thus we concluded that there was a psychological factor active in her 
micturition urge. 
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PROVOCATIVE TEST -
Time SeC mliijiiiimliitiil.iil,;! |i.i nilii jiiiUti 
EMG 200 /iV 
6Θ Intravesical pressure 34 
Cm Н
г
О 
Intrarectal 
pressure 34 
Cm Н
г
О 
Flow rate 
Ml /sec 
Fig.59.Provocation by the sound of running water, (see IV.3.7.2.3.) 
Pat. C.P.-4; Ρ I; 29 yr.; clinical diag.: detrusor incont.; 
urodyn. drag.: detrusor incont.; Ther.: pharm. 
A strong detrusor contraction could be seen. Active suppresion of the 
urge occurred. Incontinence was of the "dribbling" type, which could 
not be prevented. 
IV.3.8.1. ERRORS IN READING THE MEASURED PRESSURE 
The thickness of the lines drawn on the recording apparatus 
were 1 mm which at a calibration of 68 cm H^O (= 25 mm height of 
paper) equalled 2.72 cm h^O pressure. 
The average error was assessed as + 0.5 mm which corresponded at the 
above calibration to an error of 1.4 cm I^O. The mean error accruing 
from the subtraction of two pressure lines can be calculated by the 
square rule: 
Error = ±( 1.42 + 1.4 2)* = ± 2 cm H 20 
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Measurements of less than 2 cm ^ O have no real importance in this 
thesis. 
IV.3.8.2. ERRORS IN READING THE FLOWCURVES 
The line thickness of this channel was also 1 mm, giving a mean 
possible error of 0.5 mm. Calibration of 20 ml/sec. equalled 40 mm 
height of paper. Thus there was a possible mean error of ± 0.25 ml/sec. 
Measurements were read off to the nearest 0.5 ml/sec. 
IV.3.9.1. READING OF THE ELECTROMYOGRAPHY RECORD 
The electromyography was so arranged that 10 mm of paper height 
(a vertical division) equalled 200 μν. Any change in sensitivity was 
noticed at the time on the recorder. 
The electromyography write-out was only read qualitatively, not quanti­
tatively. Despite careful localisation of the external anal 
sphincter we did not think that quantitative measurement of its 
activity was justified, and the electromyogram was only used to give 
an objective assessment of pelvic floor activity. Especially during 
micturition and during recorded urinary incontinence, electromyography 
seemed to be important. Use of the striated muscle component of the 
sphincter mechanism or the absence of this could be shown. External 
urethral sphincter dyssynergia was also visualised. 
Thus electromyography is extremely essential to urodynamic analysis 
and acts as a "lie-detector". 
IV.3.9.2. THE ELECTROMYOGRAPHIC APPEARANCES 
1. MICTURITION 
Recording of the electrical potentials of the external anal 
sphincter muscle showed that micturition proceeds optimally with a 
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relaxed perineum (see Fig.67, 76, 88, 99). The detrusor contracts, 
but urinary flow did not commence until the perineum was well relaxed. 
A possible spasticity of the external urethral sphincter could be seen 
on the EMG and dysuria with a disturbed flow curve was then evident. 
2. MANOEUVRES 
In this thesis the importance of electromyography of the peri­
neum is clearly demonstrated. 
BEAR 
2O0ml COUGHS DOWN TIGHTFN UP 
20-· 
Flow rate
 1 0 ^ f 
Ml /sec II 
Fig.60.Electromyographic behaviour of the external anal sphincter. 
Pat.V-5; Ρ IV,- 52 yr.; clinical diag. : sphincter incont.; 
urodyn.diag.: sphincter incont.;Ther.: anterior vaginal repair. 
Fig. 60 showed a marked activity of the external anal sphincter during 
coughing. This activity could have been exaggerated by artefacts, caus 
by movement of the electromyography needle in the pelvic floor. It was 
clearly demonstrated that no activity occurred during bearing down 
and that loss of urine resulted. This spurt of urine was immediately 
stopped by contraction of the pelvic floor. Good functioning of the 
pelvic floor musculature could be seen during tightening up, when 
approximately 600 yV potential occurred. 
BEAR TIGHTEN
 r PROVOCATIVE-
100ml COUGHS DOWN UP | TEST 
Time sec 
EMG 200 /iV | 
, 68 Intravesical pressure 34 
Cm H 2 0 
68 Intrarectal pressure 34 
Cm H 2 0 ] M ,'ν Π ^ W A ^ V . · ^ 
20 
Flow rate
 1 0 Ml /sec 
Fig.61. 
Pelvic floor 
activity during thi! 
various manoeuvres. 
Control patient, 
Ρ ?; 41 jr.; 
Ca. cervix stage IA. 
Preoperative in­
vestigation. 
Urodyn.diag.: no 
abnormality seen. 
Ther.: Radical 
vaginal hyster­
ectomy (SCHAUTA-
INGUILLA) 
Coughing, bearing down and tightening up showed good pelvic floor 
activity. The potentials between these manoeuvres were low, indicating 
a relaxed sitting patient. Psychological provocation tests caused no 
change, as was found during the whole recording. 
Time sec 
EMG 200 ,ι/V Щ (f 
68 Intravesical pressure 34 
Cm H 2 0 
Intrarectal 
pressure 
Cm Н
г
О 
Flow rate 
Ml/sec 
20 
10-
0 
Fig.62. The effect of the paper speed on the EMG record appearance. 
Control patient. P. 4; 59 yr.; Ca.cervix stage IB. 
Urodyn.diag.: no abnormality seen.Ther.: radiotherapy followed 
by radical abdominal hysterectomy (WERTHEIM-MEIGS). 
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Increasing the paper speed (Fig.62) from the usual 7.5 cm/min to 
150 cm/min allowed a more detailed study of the electromyogram. The 
pelvic floor muscles contracted during coughing. The contrary, no in­
crease in muscular activity, during bearing down is demonstrated in 
Fig. 63. 
BEAR DOWN TIGHTEN UP 
Flow rote
 1 0 
Ml /sec 
О J , 
Fig.63. EMG using increased paper speed. 
Pat. CO.-8; Ρ II; 41 yr.; clinical diag. : detrusor incont.; 
urodyn.diag.: detrusor incont. Ther.ipharm. (see III.5.3.?.8. 2 . ) 
Bearing down was immediately followed by a contraction of the anal 
sphincter . This phenomenon could be explained in a number of ways: 
active restoration of the dislocated pelvic floor to its previous 
position; repositioning of a faecal mass; contraction of a sphincter 
am' which had relaxed during the manoeuvre; 
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MICTURITION 
2 0 0 m l I HOLDING 
Time sec 
EMG 200 »V Щ 
6 8 -
Intravesical pressure 34 -
Cm Н
г
О 
/vu_ 
MICTURITION 
• 
m 
6 Intrarectal pressure 34 
Cm Н
г
О 
Flow rote 
Ml /sec 
О 
20-1 
10-
o 
/-^UwU. 
r f\. 
Fig.64.Electromyography during interruption of micturition. 
Pat. C.O.-b; Ρ 7; 50 yr.; Clinical diag.: minimal sphincter 
incont. Urodyn.diag. : probable sphincter mcont. 
Tber.: weight reduction and pharm. 
After the inst ruct ion to micturate there was a reduction of the action 
potential and an active r ise in intra-abdominal pressure. The role of 
the s t r i a t e d musculature in stopping m i c t u r i t i o n in f u l l flow was well 
demonstrated. The detrusor pressure remains above the pre-existent 
level for 20 seconds af ter flow had stopped. 
I V . 4 . CALCULATION OF THE RESTING INTRINSIC INTRAVESICAL 
PRESSURE 
I V . 4 . 1 . D E F I N I T I O N 
The measured intravesical pressure is formed from the sum of the 
hydrostatic pressure, the detrusor pressure, and the intra-abdominal 
pressure. The i n t r i n s i c intravesical pressure can be calculated by sub­
t r a c t i n g the i n t r a r e c t a l pressure from the measured intravesical pressure. 
The rest ing i n t r i n s i c intravesical pressure is the i n t r i n s i c pressure 
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in the absence of a detrusor contraction. A detrusor contraction was 
recognised by a rise in intrinsic intravesical pressure of an undulant 
character. 
The resting intrinsic intravesical pressure was calculated with the 
bladder empty, and again with 200 ml and 400 ml of filling. 
IV.4.2. RESULTS 
number 
median 
range 
mean 
s.d. 
empty 
bladder 
185 
3.0 
19-1 
3.4 
3.3 
200 
fill 
193 
6.0 
63-1 
8.0 
8.3 
ml 
ing 
400 ml 
filling 
168 
8.0 
60-1 
10.4 
10.2 
Tab.VII a . Resting pressures a t d i f f e r e n t f i l l i n g 
I V . 4 . 3 . RELATION OF THE RESTING INTRINSIC INTRAVESICAL 
PRESSURE TO THE DEGREE OF FILLING OF THE BLADDER 
The least squares method was used to calculate a l inear 
regression of the resting pressure on volume. The fol lowing regression 
l ine was found: 
RESTING PRESSURE (cm H2O) = 0.0177 X VOLUME(ml) + 3.77 
(n= 546; r= 0.34; d.o. f .= 544; p< 0.0005; s . d . e = 7.76 cm H2O) 
Calculated values for the correlation coefficient(r) were always 
checked for significance. In this thesis the regression lines are 
only presented if the correlation coefficient is significant at a 
95% confidence level for the number of data used in the regression 
calculation. 
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Intrinsic intravesical 
pressure at rest 
(cmH20) 
60 
n=193 
50 
¿.0 
30 -
20 
10 
intrinsic intravesical 
pressure at rest = 
0 0177* vol +3 77 
n = 5¿.6 
r = 0 34 
η=1β5 
n = 168 
number 
maximum 
-• mean 
median 
x minimum 
200 /.00 Volume (ml) 
Fig.65.Relation of resting intrinsic intravesical pressure in cm H^O 
to bladder filling in ml. 
Fig.65 shows that the intrinsic intravesical pressure increased with 
increasing volume. The median pressure was 3.0 cm HoO with the bladder 
empty; 6.0 cm h^O with 200 ml of filling and 8.0 cm H 20 with 400 ml 
in the bladder. 
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Fig.66 shows the distribution of these resting pressures at the diffe­
rent degrees of filling. Since a number of pressures have relatively 
high values we have used a logarithmic scale for the pressure values. 
Note that on the left side the scale is not logarithmic because of the 
measurement error (2 cm H2O, see IV.3.8.1.)· Α Π values below 2 cm H2O 
comprise one group. 
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400 ml 
instillation 
n=168 
['v.,'.· 
.ν.-Ί 
200 ml 
instillation 
n = 193 
:.:\ 'І 
:
'-:<::l 
Empty bladder 
n = 185 
·',·'•.,!'] 
8 16 32 64 
Intrinsic intravesical 
pressure at rest (стНгО) 
Fig.66.Histograms showing the resting intrinsic intravesical pressures 
for volumes of zero, 200 ml and 400 ml of bladder filling. 
146 
The high maximum values at 200 ml and 400 ml of filling are remarka­
ble. It is clear from Fig.66 that the greatest distribution change 
occurs from an empty bladder to 200 ml. The histograms for 200 ml and 
400 ml are very similar. The most likely explanation for this is that 
instillation is a provocation test for bladder nerve response. In this 
respect it is disputable whether high pressure values, e.g. above 
16 cm H2O, may be considered as pure resting pressures. 
IV.4.4. CONCLUSION 
The increase in intravesical pressure was caused by the hydro­
static pressure of the fluid column above the catheter openings. 
In the presence of detrusor contraction an extra rise in pressure was 
superimposed. In the region of the maximum capacity the intravesical 
pressure rose more steeply and the relationship that we found no 
longer applied. 
It was not always possible to compare our findings with those of other 
workers, since the resting pressure in the bladder was not always 
measured in the same way, for instance ALA KET0LA (1973) did not sub­
tract the intrarectal pressure. The findings of DENNY-BROWN (1933) 
were in agreement with ours. He found an almost linear rise in pressure 
with absolute values almost the same as ours up to a bladder volume of 
400 ml. JEFFCOATE (1966) used cystometrographs for the measurement of 
intravesical pressure and found that patients without detrusor insta­
bility had intravesical pressures which remained below 10 cm ^ 0 
until the detrusor muscle contracted. Again he found an upper limit 
for this phenomenon of 400 ml 
IV.4.5. RESTING INTRINSIC INTRAVESICAL PRESSURES IN THE 
DIAGNOSTIC GROUPS SPHINCTER AND DETRUSOR INCONTI­
NENCE 
Using the χ 2 test there was no significant difference between 
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the resting pressures with an empty bladder in the two diagnostic 
groups (p>0.10 ; d.o.f.= 3; χ 2 = 0.36). 
However, when the bladder was filled the results were as follows: 
at 200 ml: χ 2 = 8.49; 0.01 <p <0.05 
at 400 ml: χ 2 = 7.06; 0.05 <p <0.10 
э 
This indicated a possible difference between the resting pressures 
of the two groups when the bladder was filled. 
These findings are shown in more detail in table Vllb. 
number 
median 
range 
mean 
s.d. 
Empty bladder 
detrusor 
incont. 
61 
2.5 
19-1 
3.4 
3.5 
sphincter 
incont. 
68 
3 
19-1 
3.5 
3.3 
200 ml fi 
detrusor 
incont, 
63 
8 
63-1 
10.5 
10.5 
Hing 
sphincter 
incont. 
70 
5 
27-1 
6.2 
5.2 
400 ml filli ng 
detrusor 
incont. 
49 
10 
59-1 
12.6 
11.4 
sphincter 
incont. 
65 
7.5 
38-1 
8 
6 
Tab.VII Resting intravesical pressure at different degrees of filling 
DISCUSSION 
We measured the resting pressure in the bladder in the absence of 
unstable contractions. By definition these did not occur in the 
sphincter incontinence group, but did in detrusor incontinence. Thus 
in the latter resting pressures could not be measured in all cases 
directly after filling the bladder. 
Regarding the resting pressures at different bladder volumes there 
should not be any difference between the two groups since if there 
were, the resting pressure had not been measured correctly. 
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I V . 5 . THE MICTURITION PROCESS 
IV.5.1.TYPES OF MICTURITION 
The fol lowing m i c t u r i t i o n patterns could be discerned by the uro-
dynamic analysis. 
A. PURE DETRUSOR MICTURITION 
4 0 0 m l TIGHTEN UP MICTURITION 
Intravesical • . 
pressure 34 H *• 
Cm Н
г
О 
VOIDING QUANTITY 
• 4 2 5 ml 
Intrarectal 
pressure 
Cm Н
г
О 
68 
3 4 -
0 -
Flow rate 
Ml /sec 
20 
10 
0 Л ^ 
Fig.67.Pure detrusor micturition 
Pat. CO.-6; Ρ 7; 50 yr.; clinical diag.: minimal sphincter 
incont.; urodyn.diag.: probable sphincter mcont.;Ther.:weight 
reduction and pharm. 
In this pattern micturition commenced after relaxation of the pelvic 
floor, manifested by a reduction in EMG potentials and lowering 
of the intrarectal pressure. Flow started after detrusor contraction. 
Micturition proceeded only under the influence of the detrusor. 
After completion of the process the pelvic floor contracted and the 
intrarectal pressure returned to its previous level. The EMG potentials 
initially exceeded the pre-micturition values. 
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В. PROVOKED DETRUSOR MICTURITION 
2СЮт| MCTURITKDN 
• • 
Time sec <.. «hmj„% .,t 
CODING QUANTITY 
• 2 5 0 m l 
EMG 200 ^ 
Intravesical 
pressure 
Cm Н
г
О 
Intrarectal 
pressure 
Cm H 2 0 
Flow rate 
Ml /sec 
Fig.68.Provoked detrusor micturition 
Pat. V-10; Ρ 4; 43 yr.; clinical diag.: vaginal prolapse; 
urinary tract infection, mixed incont. Urodyn.diag. :tnixed 
incont. Ther.: vaginal repair. 
After the instruction to micturate, the patient first actively bore 
down, and the resultant raised intra-abdominal pressure triggered 
off the micturition process. Micturition began during bearing down, 
but after decrease of intra-abdominal pressure the flow continued 
as a result of continued detrusor activity. 
The EMG showed continuing potentials, and was probably disturbed by 
movement of the EMG needle, during pelvic floor movement. 
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OOOmI MICTURITION COMMANO 
• • PHYSICIAN PRESENT 
VOIDING QUANTITY 
• 4 0 0 m l 
i'l Н и м и 
EMG 200 ¿iV 
66 Intravesical pressure 34 
Cm H 2 0 
Intrarectal pressure 34 
Cm Н
г
О 
Flow rate 
Ml /sec 
Гід.69.Assisted detrusor micturition 
Pat. -ІЗ; Ρ 11; 50 yr.; clinical diag.: post-menopausal 
bleeding, sphincter incont.,vaginal prolapse.Urodyn.diag. 
mixed incont.;ther.: vaginal repair. 
4 0 0 m l COUGHS MICTURITION 
» * •(PHYSICIAN PRESENT) Time sec ччшічі u ι ί"»"' шщ \ n ι 
EMG 200 /Λ/ 
68 Intravesical pressure 34 
Cm Н
г
О 
Intrarectal pressure 34 
Cm Н
г
О 
Flow rate
 1 0 Ml /sec 
0 J 
! I 
I | 
f ig.70.Abdominal pattern of micturition 
Pat.C.P.-21 ; Ρ 0; 68 yr.; clinical diag.: cardiac failure, 
chronic cough, sphincter incont. ,-Urodyn.diag.:sphincter incont. 
ther.: nil. (see also Fig. 101.) 
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С. ASSISTED DETRUSOR MICTURITION 
Micturition was initisted by a detrusor contraction.(see Fig.69) The 
flow rate was assisted by an active increase in intra-abdominal 
pressure during the whole of the micturition. EMG showed the same 
potentials throughout, possibly indicative of active contraction of 
the pelvic floor. 
D. ABDOMINAL PATTERN OF MICTURITION 
Micturition occurred solely under the influence of actively raised 
intra-abdominal pressure. There was no obvious detrusor activity. 
After each separate push the intravesical pressure immediately fell to 
normal. Thus the intrinsic intravesical pressure was nil. Electromyogr. 
showed a marked activity because of use of the pelvic floor while 
needle movement was responsible for the jumping artefacts.(see Fig.70) 
E. "DROPPING FLOOR" TYPE OF MICTURITION 
6 0 0 m l MICTURITION VOIDING QUANTITY 
T i m p i p r • * 610 ml 
l i m e S e C - , u t i i i ι ι» u n . М і.м. ι ι I ι| ι ишщ mi 
EMG 200 /iV Щ И| M — « Н Е — * « И — ' — — — ^ — — — — » и ^ ^ Ч 
Fig.71. Dropping floor type of micturition 
Pat.C.P.-14; Ρ 0; 61 yr.,- clinical diag. psychogenic incont.; 
Urodyn.diag.:disturbed flow, sphnncter incont.Ther.: pharm. 
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After the instruction to micturate nothing immediately happened. No 
detrusor activity commenced. EMG showed no change. The pelvic floor 
was relaxed throughout the micturition. The intrarectal channel indi­
cated no active increase in intra-abdominal pressure (the small undu­
lations that can be seen were due to bowel contraction). The mictu­
rition was allowed by relaxation of the pelvic floor in the complete 
absence of any detrusor activity. 
COMMENTS 
The precise type of micturition depends on various factors including 
the degree of filling of the bladder, the conscious desire to void, 
bladder instability, and nervousness during the investigation. The 
same patient consistently showed the same micturition pattern which 
gave reproducible recording as can be seen in Fig.72. 
2 0 0 m l MICTURITION 
* • 
T T "" 
VOCINO QUANTITY 
• 250ml 
200ml MICTURITION VOIDING QUANTITY 
• 2 5 0 m l Time sec 
NO REGISTRATION 
Intravesical 
pressure 
Cm Н
г
О 
Intrarectal 
pressure 
Cm Н
г
О 
Flow rate 
Ml /sec 
Fig.72.Reproducibility of a micturition pattern in the same patient 
during one analysis session. 
Pat. C.P.-8; Ρ ?; 43 yr.; clinical diag.: history of multiple 
surgery-MANCHESTER repair, repeat anterior and posterior re­
pairs, MARSHALL-MARCHETTI-KRANTZ procedure, GOEBELL-STOECKEL-
sling operation- schizophrenia. 
Urodyn. diag.: probable sphincter incont.; Ther.: pharm. 
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Patients who came for repeat urodynamic analysis usually showed the 
same types of micturition pattern. It was possible to see more than 
one pattern in the same patient. 
IV.5.2. CALCULATION OF THE MICTURITION PRESSURE 
The amplitude of the intrinsic intravesical pressure at the 
moment of maximum flow was calculated by subtracting the intrarectal 
pressure from the intravesical pressure occurring at that moment. 
If the micturition processes were of the abdominal type or of the 
assisted type, the micturition pressures could not be calculated, 
and thus are not included in our series. Active abdominal bearing down 
was always recognisable. 
IV.5.3. RESULTS 
number 
median 
range 
mean 
s.d. 
mictu 
press 
200 
126 
27.0 
78-1 
25.6 
12.5 
ri ti on 
•; re 
ml 
micturition 
pressure 
400 ml 
124 
23.5 
68-1 
23.4 
11.0 
micturition 
pressure 
600 ml 
63 
21.0 
54-3 
23.7 
10.9 
Tab.VIII. Micturition pressures in cm f^O after different degrees of 
filling. 
IV.5.4. COMMENTS 
The extremely low minimums in our above results can be explained 
by the presence of micturition of the "dropping floor" type. 
The median values for micturation pressure decreased with increased 
filling. A possible explanation for this can be found in the fact that 
at high degrees of filling the flow rate is greatest; low detrusor 
pressures were found with high maximim flow rates. This relationship 
will be discussed further in IV.9.4. 
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A second possible explanation (ROBERTS, 1976) is that STARLING'S law 
applies the bladder. 
Numerous other workers, e.g. BAUMANN (1955), VON GARRELTS (1957) and 
GLEASON (1962), disagreed on the values of micturition pressure. This 
can possibly be explained by differences in technique. BAUMANN (1955) 
measured only the intravesical pressure during micturition without 
subtracting the intrarectal pressure and his recorded values of 
95 cm HgO micturition pressures in females are not comparable with 
our findings. 
GLEASON (1962) studied 8 normal subjects and found pressures between 
25 cm H2O and 75 cm HnO. These pressures were calculated as intra-
vesical pressure minus intrarectal pressure. 
BRYNDORF (1960) found a range of micturition pressures from 35 - 175 
cm H2O, but again these are not directly comparable with the present 
study because of the different technique. 
FRIMODT-M0LLER (1974) studied 11 healthy women and calculated the 
detrusor contraction pressure in a total of 28 micturitions. The mean 
micturition pressure he found was 33 cm H2O. 
ZINNER (1963) found a mean detrusor contraction pressure in 19 healthy 
young women of 27 cm H2O during micturition with volumes between 200 
and 450 ml. 
Our findings for micturition pressures are not comparable with the 
above, not only because of differing techniques, but also because our 
patients had a wide variety of urinary problems. 
Our values cannot be regarded as those of physiological micturition. 
Furthermore it is disputable whether a micturition process is ever 
physiological in an investigative atmosphere. 
IV.6.1. MEASUREMENT OF VOIDED VOLUMES 
The voided volume was read from the scale on the measuring 
cylinder under the flowmeter. This scale was marked in 25 ml divisions 
and a possible reading error of 12.5 ml existed. 
The bladder was filled under standard conditions (see IV.3.6.). It was 
not possible to measure micturition in each patient after 200 ml, 
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400 ml and 600 ml of filling because of such factors as nervousness, 
a small bladder capacity or the inability to micturate on conmand. 
The micturated volume did not necessarily equal the amount of normal 
saline which had been instilled (there was a maximum reading fault 
of 12.5 ml on this also) because of possible residual retention and 
of normal urine production during the investigation. The range of 
volumes is thus explained. 
IV.6.2. RESULTS OF VOLUME MEASUREMENTS 
number 
median 
range 
mean 
s.d. 
instillation 
200 ml 
139 
223 
325-40 
218 
54 
instillation 
400 ml 
133 
415 
600-125 
398 
81 
instillation 
600 ml 
72 
600 
1000-200 
591 
140 
Tab.IX. Voided volumes after filling the bladder with different 
quantities of normal saline. All values in ml. 
We calculated the above voided volumes after three standard degrees 
of filling. Taking into account the above possible errors the mean 
voided volumes at 200 ml, 400 ml and 600 ml equalled the amounts in­
stilled. 
IV.7.1. MEASUREMENT OF TIME TO MAXIMUM FLOW 
The time to maximum flow is the time in seconds from the commence­
ment of flow to the time the flow reaches its maximum rate. At a paper 
speed of 7.5 cm/mi η the onset and end of this time can be read to the 
nearest second. A possible reading error arose if the flow curve rose 
slowly to the maximum rate. 
On the advice of the urodynannc centres of Aachen, Heidelberg and 
München in Germany, among others, (according to the nomenclature 
advisory committee of the Int.Con.Society)measuremente were made according 
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to the model shown below. 
Volume 
> Maximal flowrate (Mis/sec) 
к, л volume . „ , , 
>Mean í|ow= in Mis'sec 
flowtime 
Time 
• Time to peak flow-
Duration oí voiding H 
Fig .73 . Flow c n a r a c t e n s t i c s accoraing to the In tern .Cont .Soc . 
On the basis of our experience we would plead for changes to be made 
in the above advice. 
1. Placing "volume" on the Y-axis is incorrect and should be replaced 
by "flow, ml/sec." 
2. The onset of micturition is not gradual, but sudden, and therefore 
the rising arm of the flow curve meets the X-axis at a readily de-
finable point, rather than the protracted point described on the 
Intern. Cont. Society diagram. 
3. The flow curve is not symmetrical.The time to peak flow is less 
than half the total flow time. 
Therefore we recommend the diagram as shown in Fig. 74. 
Flow (ml/sec) 
Mean *™»/- v o l d i n q v o l u m e 
duration oí voiding 
Τ 
Maximal 
f lowrate 
Time (sec) 
Fig.74.Flow characteristics as they appear to us 
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I V . 7 . 2 . RESULTS 
number 
median 
range 
mean 
s.d. 
200 
mieti 
140 
9 
46-2 
10.8 
7.6 
ml 
r i t i on 
400 ml 
mic tur i t ion 
126 
12 
388-1 
18.9 
36.6 
600 ml 
mic tur i t ion 
69 
15 
220-4 
25.3 
35 
Tab.X.Time to peak flow in sec . 
Comparing the time to peak flow with the total duration of voiding 
there appeared to be a relationship. We calculated the time to peak 
flow during spontaneous micturition.at 200 ml, 400 ml and 600 ml which 
all showed a large scatter of micturition and volume (see tab.s II, 
IX, X, and XI). 
We calculated the ratio of time to peak flow to total duration of 
micturition. This ratio would have been better calculated as the time 
to peak flow to the total duration of flow, but this latter was not 
always possible to use because of the occurrence in some cases of 
more than one flow peak. The scatter in the calculated ratios was pro-
bably caused by this fact. 
Using the mean times to peak flow and mean durations of micturition, 
the above ratios were: 
30.5% 
29.2% 
33.2% 
33.4% 
-spontaneous micturition 
-200 ml micturition 
-400 ml micturition 
-600 ml micturition 
Similar calculations using median values gave the following results: 
-spontaneous micturition 
-200 ml micturition 
-400 ml micturition 
-600 ml micturition 
33.3% 
29 % 
25 % 
23.4% 
From the above it would appear that the time to peak flow is approxi-
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mately 1/3 to 1/4 of the total duration of micturition. Stating this 
in another way: the maximum flow rate of a micturition is reached 
after the first 1/3 to 1/4 of the total duration of micturition. 
IV.8.1. CALCULATION OF DURATION OF FLOW AND DURATION 
OF MICTURITION 
The duration of flow was measured from the moment that flow 
commenced until the micturition process was completed. Thus for a 
micturition process with one peak the duration of flow is the same as 
the duration of micturition. If a micturition process showed more than 
one peak, i.e. if there were breaks in the flow, the duration of mictu-
rition was measured from the beginning of the first flow to the end of 
the last flow. Duration of flow and duration of micturition were thus 
not the same under these circumstances (see Fig.76.). 
The flow curve may have a parabolic shape. The onset of flow is always 
sharply defined; the end point approaches zero much more slowly, so 
that a reading error of one second would be possible for the starting 
time but the end time could be misread by as much as two seconds. The 
total possible error for duration of flow was thus 3 seconds(see Fig.75). 
MICTURITION 
4 0 0 m l | VOIDING QUANTITY 
Time sec * , * * ^ , ?
 t
 -
Fig.75.Calcu-
lation of the du-
rations of flow 
and micturition. 
The two are the 
same in this in-
stance. 
Pat.C.P.-13;P ITI; 
54 yr.¡clin.diag.: 
psychogenic incont. 
Urodyn. diag.: 
probable sphincter 
incontinence. 
Ther.: pharm 
EMG 200 /Л/ Щ w - * 
Intravesical 
pressure 34 
Cm H 2 0 
Intrarectal 
pressure 34 
Cm Н
г
О 
Flow rate 
Ml /sec 
20 
10 
о 
ГМ 
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MICTURITION 
4 5 0 m l 7 5 m l HOLDING MICTURITION VOIDING QUANTITY 
Time sec 
EMG 200 «V | 
6Θ-
Intravesical 
pressure 34 -
Cm Н
г
О 
6 8 -
Intrarectal 
pressure 34 -
Cm Н
г
О 
О -
2 0 -
Fiow rate .,-, 
Ml/sec 
if^Mmm, |> fJ '• ' > II 
"xg.76.Calculation of the durations of flow and micturition. 
In this case the two times are not the same. 
Pat.C.P.-12; Ρ II; 43 yr.; clin.diag.: GOEBELL-STOECKEL 
sling operation 14 yr. previously, no diagnosis. 
Urodyn.diag. : detrusor m c o n t . Ther.: pharm. 
IV.8.2. RESULTS OF CALCULATIONS OF DURATION OF MICTURITION 
number 
median 
range 
mean 
s.d. 
200 ml 
micturi 
140 
31 
150-11 
37.0 
22.3 
tion 
400 ml 
micturi 
131 
48 
420-12 
57.1 
44.7 
tion 
600 ml 
micturition 
72 
64 
252-20 
76.5 
43.8 
Tab.XI. Duration of micturition in sec. for 200 ml, 400 ml and 600 ml 
micturitions 
The micturition time was measured in order to calculate the mean flow 
from the total time and voided volume (see IV.11.2.). 
Because other workers did not use similar standards of filling for such 
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calculation, it was not possible to compare our results with those of 
others. FRIMODT-M0LLER, (1974) found a duration of micturition of 
31.9 sec in 11 women without urological or gynecological complaints. 
The micturition processes were performed only when the patients 
spontaneously desired to empty their bladders. He used a supra-pubic 
catheter for intravesical pressure measurement in his study, which 
also differs from our method. 
IV.9.1. CALCULATION OF MAXIMUM FLOW RATE 
The maximum flow rate was the highest measured value of the flow 
during the whole micturition process. 
IV.9.2. MAXIMUM FLOW RATE RESULTS 
Maximum flow rates were measured at the three separate degrees 
of filling, but because as previously mentioned, there was a spread 
of voided volume about the mean values, the mean maximum flow rates 
are not necessarily representative of micturition of voided volumes 
of exactly 200 ml etc. 
number 
median 
range 
mean 
s.d. 
200 
mieti 
140 
14 
31-2 
14.4 
6 
ml 
iriti on 
400 
mieti 
131 
16 
32-5 
17.0 
7.2 
ml 
iri ti on 
600 ml 
micturition 
71 
18.5 
36-8 
18.8 
7.2 
Tab.XII.Max.flow rates in ml/sec at 200 ml, 400 ml and 600 ml 
micturitions. 
In order to investigate the possible relationship between volume and 
maximum flow rate, we measured the precise voided volume in each case 
rather than using the rounded figures 200 ml etc. 
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The spontaneous mictur i t ions were also included in th is ca lculat ion. 
The l inear regression of the maximum flow rate on volume was: 
MAX.FLOW RATE (ml/sec) = 0.0196 X VOLUME (ml) + 9.66 
(n = 497; r= 0.488 ; p< 0.0005; d.o.f.= 495; s.d. e = 6.4 ml/sec.) 
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Fig.77.The r e l a t i o n between maximum flow r a t e and voided volume. 
Thereis asignificant degree of correlation between the maximum flow 
rate and the voided volume between 0 and 800 ml. Maximum flow rate in­
creased with increasing volume. Fig.77 suggested that this relation­
ship is most valid between 0 and 200 ml, at higher volumes the in­
crease in maximum flow rate is not so noticable.Unfortunately in the 
available literature maximum flow rates are given without stating 
the exact voided volume (BACKMAN,1966; FRIMODT-M0LLER, 1974). 
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Since we found a definite relationship between maximum flow rate and 
voided volume, there is little point in comparing our values with 
those of other workers. 
SMITH (1968) found a mean maximum flow rate between 200 ml and 400 ml 
of 23 ml/sec. He noticed that the maximum flow rate tended to be low 
when the volume was less than 150 ml. We have observed the same tenden-
cy. Between 200 ml and 400 ml the maximum flow rate was fairly con-
stant and it tended to decrease at greater volumes. Our data did not 
confirm this. 
Both VON GARRELTS (1957) and DRACH (1976) found linear correlations 
between peak flow rates and voided volumes. 
RITTER (1964) studied 12 normal women and found a mean maximum flow 
rate of 15 ml/sec at a mean volume of 302.3 ml. These values are re-
markably similar to those that we found in 194 abnormal female subjects. 
IV.9.3. RELATIONSHIP BETWEEN MAXIMUM FLOW RATE AND AGE 
Maximum flow rate decreases with increasing age according to 
BACKMAN (1966) and DRACH (1976) amongst others. We checked this with 
data from our different micturitions. The observations were made in 
almost the same patients for the different micturition processes,and so 
we can validly compare the influence of age on maximum flow rate. 
MAX 
(n = 
MAX 
(n = 
MAX 
(n = 
MAX 
(n = 
FLOW RATE SPONT.MICT. (ml/sec)=-0.140 X AGE(yr)+ 21.4 
= 156; r=-0.20; 0.025 <p< 0.005; d.o.f.=154; s.d.e=7.9 
FLOW RATE 200 ml MICT.(ml/sec)=-0.139 X AGE(yr)+ 21.1 
= 140; r=-0.25; 0.005 <p< 0.0005; d.o.f.=138;s.d.e=5.9 
FLOW RATE 400 ml MICT.(ml/sec)=-0.136 X AGE(yr)+ 23.5 
= 131; r=-0.22; 0.01 <p< 0.025 ;d.o.f.=129; s.d.e=7.0 
FLOW RATE 600 ml MICT.(ml/sec)=-0.192 X AGE(yr)+ 28.0 
= 71; r=-0.31; 0.005 <p< 0.01 ; d.o.f.=69; s.d.e=6.9 
ml/sec 
ml/sec 
ml/sec 
ml/sec 
) 
) 
) 
) 
The separate data are presented in Fig. 78, 79, 80 and 81. 
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Fig.81.Maximum flow rate versus age, 600 ml filling Fig.80. Maximum flow rate versus age, 400 ml filling 
The four regression lines of maximum flow rates and age for the 
different micturition processes are combined into one diagram (see 
Fig. 82). 
Мак flow ra le (mi/sec) 
2b-
20 
15 
Ί 
Чісіипіюп 
—— spontaneous 
200 rrl filling 
400 ml filling 
600 rrl filling 
20 6 0 
1— 
80 
Age (years) 
Fig.82. Relations between maximum flow rates and age at different 
micturition volumes 
The mutual agreement is better than might have been expected on the 
basis of the low correlation coefficient ( r= -0.20 to -0.31). 
The good agreement between the curves is partly due to the fact that 
the same group of patients was used for the four measurements. The 
four regression lines are consistent for the different degrees of 
bladder filling in respect to slope (decreasing maximum flow rates at 
higher ages). The positions of the lines also agree. At higher degrees 
of filling the maximum flow rate increased. The fact that the re­
gression lines for spontaneous micturition and 200 ml virtually coin­
cide is not surprising, since both micturitions yielded the same 
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average amount of urine (187 ml , s.d.= 153 ml, versus 218 ml ,s.d.=54ml] 
I V . 9 . 4 . THE RELATIONSHIP BETWEEN MAXIMUM FLOW RATE AND 
MICTURITION PRESSURE 
The m i c t u r i t i o n pressure as calculated in IV.5.3. could have a 
relat ionship with the maximum flow rate. We imagined that the maximum 
flow rate would be d i r e c t l y proportional to the i n t r i n s i c intravesical 
pressure. After using the least squares method we found the fol lowing 
regression l i n e : 
MAX.FLOW RATE(ml/sec)= -0.105 X DETRUSOR PRESSURE(cm H20) + 18.8 
(n= 298; r = -0.18; 0.0005 <p< 0.005; d.o. f . = 296;s.d.e=6.6 ml/sec. 
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Fig.83.Maximum flow rate versus micturition pressure 
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This relationship agrees with that found by B0TTACCINI(1971) who con-
cluded that "flow rate is a function of bladder working rate as well 
as bladder pressure. Moderate increase in bladder pressure which 
occurs whenever bladder pressure has been established, tends to de-
crease the flow". 
IV.9.5. MAXIMUM FLOW RATE AND URODYNAMIC DIAGNOSIS 
We studied the possibility of a difference in the maximum flow 
rates in the different diagnostic groups. We used the maximum flow 
rates at different degrees of bladder filling separately. 
number 
median 
range 
mean 
s.d. 
other 
diagnosis 
5 
6 
17-5 
8.6 
5.0 
detrusor 
i neont. 
49 
14 
30-2 
13.9 
5.8 
mixed 
incont. 
41 
16.5 
31-8 
17.2 
6.2 
sphincter 
incont. 
45 
12 
29-2 
13.0 
5.4 
Tab.XIII.Max.flow rate in ml/sec at 200 ml filling 
number 
median 
range 
mean 
s.d. 
6 
10 
12-5 
9.5 
2.7 
43 
14.5 
32-5 
17.1 
7.9 
33 
19 
32-10 
21 
6.9 
49 
15.5 
30-5 
15.1 
5.4 
Tab.XIV.Max.flow rate in ml/sec at 400 ml filling 
number 
median 
range 
mean 
s.d. 
7 
12 
21-8 
13.9 
5.2 
13 
15.5 
36-10 
17.5 
7.1 
17 
18.5 
31-10 
19.6 
6.2 
34 
20.5 
30-8 
19.8 
7.7 
Tab.XV. Max.flow rate m ml/sec at 600 ml filling 
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Using the χ 2 test there was no significant difference between the 
maximum flow rates at 200 ml micturitions in the different urodynamic 
diagnosis groups (χ2 , .
 f _g.= 10.4 ; p>0.10). 
There was a significant difference between the maximum flow rates in 
the different diagnostic groups at 400 ml micturitions. 
(x2 (d.o.f.=6)= 2 0 · 9 ; p * ϋ · 0 0 5 ) 
There was no significant difference between the maximum flow rates 
in the different diagnostic groups at 600 ml micturitions. 
(x2(d.o.f.=6)= 9 · 3 ; р > о л о > 
COMMENT 
If one excluded the small group with "other diagnosis" there would be 
practically no difference between the other three diagnostic groups, 
even for 400 ml micturition. 
IV.10.1. THE LATENT TIME 
We defined the latent time as that time between the instruction 
to micturate and the beginning of flow. 
Because of nervousness and lack of familiarity with the apparatus the 
latent time was sometimes quite long. 
Latent time is not the same as opening time. Opening time is the inter­
val between the start of detrusor contraction and the start of flow. 
We did not calculate this time. 
In latent time there was a possible reading error of 2 seconds. 
IV.10.2. RESULTS OF LATENT TIME MEASUREMENT 
200 ml 400 ml 600 ml 
micturition micturition micturition 
140 131 71 
9 8 10 
210-1 302-1 360-1 
20.3 20.3 26.2 
35.2 39.8 54.7 
number 
median 
range 
mean 
s.d. 
Tab.XVI.Latent time in sec. 
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As can be seen from the table a very long latent time was sometimes 
found,and thus the mean latent time was prolonged. The median value 
for the latent time would therefore seem to be a more realistic figure 
to use. In half the patients the latent time was 10 sec. The other 
half had a time up to 6 minutes. 
Because of the psychological stress on the patients during our uro-
dynamic investigation and its influence on the latent time, we do not 
think that further analysis of these figures is worthwhile. 
IV.11.1. THE MEAN FLOW RATE 
The mean flow rate was calculated by dividing the micturated vo­
lume by the total duration of micturition. The result is in ml/sec. 
This calculation was performed for each individual micturition process 
using the precise micturated volume. The data are presented in Fig.84. 
IV.11.2. RESULTS 
Voiding volume 
Voiding time 
25 
ml/sec) 
20 
15 
10 
• Mean flow = 
• 2 30+0 0264* vol-18 69 «vol2 
η = 497 
r = 0.52 
10" 
• · I · 4 · 3 β Ι · · · · · 
t s · ·*ν^* · ν * * · 
••.Ν · · S · 
"· · ·<· ч 
· · « · · · · · , 
• · · · , · 
0 200 400 600 600 1000 
Voiding volume (ml) 
Fig.Θ4.Mean flow versus voided volume. (n=497; r= +0.52; p< 0.0005, 
d.o.f.= 494; s.d.
e
= 3.9 ml/sec.) 
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IV.11.3. COMMENTS 
All mean flow rates spontaneous as well as those following in­
stillation of saline, were plotted as a function of the total volume 
passed. 
At first glance the most stri king fact is the wide scatter of the data 
from the zero point. This could be due to any one of the many factors 
such as urodynamic diagnosis, age.weight, prolapse, etc. present in 
this unselected group of patients. 
However we attempted to calculate a regression. A second order degree 
regression (y= ax2 + bx + c) seemed to give a better result than a 
linear regression as used elsewhere in this thesis. This second order 
correlation curve is shown in Fig. 84 and covers 98.5% of the data-up 
to 800 ml volume. For the 1.5% of the data above 800 ml the curve was 
no longer reliable. Beyond this point the curve would return towards 
the Y-axis zero and there is no evidence in the data presented to 
support this. 
It is interesting to mention that the high mean flow rate values at 
low voiding volumes belong to the younger patients, and the low mean 
flow rate values, even at high volumes, mainly belong to the older 
patients. Fig.82 showed the maximum flow rate's negative correlation 
with age. 
IV.11.4. MEAN FLOW RATE AND DIAGNOSIS 
Using the χ 2 test there was a significant difference between 
the mean flow rates in the different diagnostic groups except at 600ml 
micturition. 
a. Spontaneous micturition mean flow rates: 
other diagnosis : 3.12 ml/sec. 
sphincter incont. : 5.99 ml/sec. 
detrusor incont. : 6.37 ml/sec. 
mixed incont. : 9.48 ml/sec. 
x
2(d.o.f.=6r 2 7 · 9 ; p < 0 · 0 0 5 
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200 ml micturition mean flow rates: 
other diagnosis : 5.12 ml/sec. 
sphincter incont.: 6.05 ml/sec. 
detrusor incont.: 7.20 ml/sec. 
mixed incont.: 9.87 ml/sec 
x
2(d.o.f.=6f2 5 ·4 ί p< 0 · 0 0 5 
400 ml m i c t u r i t i o n mean flow rates: 
other diagnosis : 4.35 ml/sec. 
sphincter incont. : 7.85 ml/sec. 
detrusor incont . : 8.93 ml/sec. 
mixed incont. : 12.01 ml/sec. 
x
2(d.o.f.=6)=20·5'· P" 0 · 0 0 5 
600 ml micturition mean flow rates: 
other diagnosis : 7.13 ml/sec. 
sphincter incont.: 9.84 ml/sec. 
detrusor incont.: 9.37 ml/sec. 
mixed incont.: 10.61 ml/sec. 
X2(d.o.f.=6f 4- 3 ; P > 0 · 1 0 
IV.12.1 MAXIMUM CAPACITY 
The maximum capacity as measured on our measuring cylinder, after 
catheterisation if necessary, had a maximum reading error of 12.5 ml. 
IV.12.2. MAXIMUM CAPACITY AND AGE 
In our 194 patients the mean maximum capacity was 525 ml, 
(s.d.= 179 ml) and the mean age was 48.2 yr. (s.d.=11.7 yr.). We thought 
that maximum capacity would decrease with age. Using the least squares 
method no significant relationship could be found between maximum 
capacity and age in our patients (p> 0.10; r= -0.03) 
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I V . 1 2 . 3 . MAXIMUM CAPACITY AND URODYNAMIC DIAGNOSIS 
Using the χ2 test there was a s i g n i f i c a n t difference between the 
maximum capacities in the various diagnostic groups. 
x 2 ( d . o . f . = 6 ) = 3 5 · 8 ; Ρ" 0 · 0 0 5 
detrusor mixed sphincter other 
incont. incont. incont. diagnosis 
number 
median 
range 
mean 
s . d . 
63 
432 
1010-200 
454 
149 
47 
450 
800-300 
510 
114 
71 
525 
1000-225 
549 
150 
13 
687 
1475-400 
794 
337 
Tab.XVII. Maximum capacity in ml in the different urodynamic diagnostic 
groups. 
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IV.12.4. COMMENTS 
The urodynamic diagnosis of detrusor incontinence was made by the 
finding of unstable contractions.In the presence of unstable contrac-
tions there is unlikely to be a large bladder capacity. The group de-
trusor incontinence would therefore be expected to have the smallest 
maximum capacities. The largest maximum capacities were found in the 
group "other diagnosis", which included neurological, atonic bladders. 
In the group sphfncter incontinence we suspected that the maximum 
capacities would be normal and thus less than the pathological maximum 
capacities in the group "other diagnosis". This proved to be so. As 
might be expected the mixed incontinence group was intermediate,between 
detrusor and sphincter incontinence groups. Comparable investigations 
using different diagnoses could not be found in the literature. 
IV.13.1. UNSTABLE CONTRACTIONS 
We defined unstable contractions as undulating wave complexes of 
detrusor pressure occurring spontaneously or after provocation and ex-
cluding the detrusor pressure complexes during micturition. 
Unstable contractions must be involuntary in character. The calculation 
of the height of such contractions was performed by subtracting the intra-
rectal pressure from the total intravesical pressure; in the presence 
of more than one pressure wave the wave of greatest amplitude was read. 
Stated in another way, this means that the normal, i.e. "stable" 
bladder does not contract until first, desire to void occurs, and then 
there is a voluntarily stimulated detrusor contraction. 
If the intrarectal pressure recording showed wave complexes which did 
not coincide with changes in intravesical pressure these waves were 
assumed to be due to peristalsis in the rectum and the intrarectal 
pressure was reckoned to be that which occurred between such waves. 
The degree of filling at which an unstable contraction occurred was 
noted. 
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IV.13.2. UNSTABLE CONTRACTION RECORDINGS 
Unstable contractions are signs of detrusor instability. They may 
be severe or minimal in degree. The interpretation of the clinical signi­
ficance of these pressure rises is greatly assisted by electromyography, 
as will be shown. 
Intravesical 
pressure 
Cm H 2 0 
Intrarectal 
pressure 
Cm Н
г
О 
Flow rate 
Ml/sec 
Fig.86.An unstable bladder with continence. 
Pat. V-2; Ρ 6; 64 yr.; clin.diag.: previous subtotal hyster­
ectomy, vaginal prolapse, sphincter incontinence. Urodyn.diag. 
detrusor incont. Ther.: anterior repair and amputation of 
cervix. 
After the bladder had been filled with 150 ml of normal saline there 
was a marked rise in intravesical pressure. The intrarectal pressure 
showed no such variation. As witnessed by the EMG, incontinence was 
prevented by contraction of the pelvic floor. 
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1 3 0 m l (URGE) 
Time sec 
EMG 200 /Λ/ I 
, 6Θ-Intra vesical pressure 34 • 
Cm Н
г
О 
Intrarectal 
pressure 
Cm H 2 0 
6 8 -
3 4 -
0 -
Τ 
Flow rate 
Ml /sec 
20 η | 
10-
Fig.87.An unstable bladder with incontinence. 
Pat.C.P.-7;P IX; 67 yr. ,-clin.diag. :diabetes mellitus,urinary 
tract infection,irritable bladder ;urodyn.diag.:detrusor incont. 
Ther.: pharm.(see also Fig.55) 
Instillation of the bladder with 130 ml, produced an urge, bladder 
filling was stopped and the recording was made. The rise in intrinsic 
intravesical pressure is not particularly marked but is quite clear. 
Despite an activity of the pelvic floor there was a resultant inconti­
nence. 
Time sec 
EMG 200 /Λ/ 
Intravesical 
pressure 
Cm Н
г
О 
Intrarectal 
pressure 
Cm Н
г
О 
Flow rate 
Ml /sec 
• 
6 8 -
34-
0-
6 8 1 
3 4 · 
0-
2 0 1 
10-
oJ 
COUGHS HOLDING MICTURITION 
• • • ALLOWED 
"f"»""«!' I1" 
V-_ 
Fig.88.An unstable bladder provoked by coughing -incont.and after con­
traction. Pat.B-13;P 111,-44 yr. ;clin.diag. : vaginal prolapse, no 
classification of incont. type.Urodyn.diag.:mixed incont.; 
17g Ther.: BURCH plasty, (see also Fig.99) 
Immediately after coughing twice there was a rise of intrinsic intra­
vesical pressure. The patient coughed twice again afterwards. 
Incontinence resulted from the stimulated detrusor contraction. 
The history in this instance was of loss of urine during coughing,!.e. 
probably sphincter incontinence. Only urodynamic analysis revealed 
that the incontinence was due to detrusor instability, possibly with 
a slight sphincter incontinence component. When the patient was in­
structed to micturate only minimal detrusor activity was needed to 
achieve a good flow. There was a marked "after-contraction" with a 
characteristic curve (see IV.14.). 
100 ml 
Time sec •" • ' " ""• · ' •" •' u' ' ••" 
EMG 2oo „v • ЕЕЕЕкиЕШЕяшммш 
Flow rate
 1 n 
Ml/sec 
I 
О J • ^ — • 
Fig.89.Unstable bladder with narked EMG potentials and incontinence. 
Pat. C.P.-20; Ρ III; 'Λ yr.; clin.diag.: atherosclerotic demen­
tia, detrusor incontinence, rectocoele. Urodyn.diag.: detrusor 
incontinence. Ther.: pharm. 
A rise in intrinsic intravesical pressure occurred after only 100 ml 
of filling. There was a marked activity of the pelvic floor according 
to the EMG. The incontinence was dribbling in character. 
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Time sec Γ 
PROVOCATIVE TEST 
~l 
EMG 200 fiV 
Intravesical 
pressure 
Cm H 2 0 
Intrarectal 
pressure 
Cm H 2 0 
Flow rate 
Ml /sec 
20 
10 
0 >v_ 
Fig.90.Unstable bladder and distal urethral obstruction. 
Pat. CO.-9; Ρ ?; 58 yr.; clin.diag.: mesonephric carcinoma 
of the vagina, urethral obstruction, detrusor incontinence; 
urodyn.diag.: detrusor incontinence, bladder neck obstruction, 
high detrusor pressure. Ther.: local tumor resection,urinary 
diversion, radiother. 
This patient had a mesonephric carcinoma extending from above the 
symphysis pubis to the anterior vaginal wall; the urethra remained 
intact but was displaced to the left. Micturition was thus difficult 
("als ik een man was, zou ik zeggen dat het aan de prostaat lag, 
dokter! " ) . 
The unstable bladder was possibly secondary to the urethral obstruction. 
After psychological provocation there was a marked detrusor contraction 
which described a smooth rising curve in intravesical pressure. The 
resultant incontinence was unaccompanied by any rise in intrarectal 
pressure and the EMG showed attempted voluntary guarding against loss 
of urine. 
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Time sec 
EMG 200 μ\ί 
6Θ Intravesical pressure 34 
Cm HjO 
Intrarectal pressure 34 
Cm H 2 0 
Flow rate 
Ml /sec 
2 0 0 m l COUGHS MICTURITION 
» • • 
QUANTITY VOIDED 
170 ml 
Fig.91.Voluntary micturition with distal urethral obstruction. 
Same patient as shown in Fig.90. 
When micturition was permitted the intrinsic bladder pressure reached 
a high peak which was due entirely to the detrusor muscle without any 
assistance from increased intra-abdominal pressure. 
Though the pelvic floor was well relaxed, the urinary flow reached 
a maximum of only 6 ml/sec, despite the high intravesical pressure. 
A high intravesical pressure with a well relaxed pelvic floor, low 
maximum flow rate and a residual urine is highly indicative of dis­
tal urinary tract obstruction. 
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100m ι PROVOCATIVE TEST , COUGHb BEAR DOWN 
Time sec 
η LUI 
4 * 
EMG 200 н 
6 8 -Intravesical pressure 34 -
Cm H 2 0 
6 8 -
Intrarectal pressure 34 -
Cm H 2 0 
Flow rate 
Ml /sec 
20 
10 
Fig.92.Unstable bladder and sphircfer incontinonce. 
Pat. C.P.-IV; Ρ III; 39 yr.; rlin. djag.: mixed incont. 
hysterical psychosis, laparoscopic sterilisation 3 months 
previously. Urodyn. diag.: mixed incont. Ther.: pharm. 
If, as in the above patient coughing,provokes a rise in the bladder 
pressure it is sometimes difficult to differentiate between sphincter 
and detrusor incontinence. Sphincter incontinence unmasked by coughing 
should be seen within I second of the maximum pressure rise. This 
I second was caused by a lag in the system - the time required for 
urine falling from the external urethral meatus to reach the rotating 
disc of the flow meter. In this recording loss of urine appeared 
| - 1 second after the cough and is possibly due to sphincter inconti­
nence. However, the detrusor instability could be triggered by a rise 
in intra-abdominal pressure, but the patient remained continent. 
This illustrated the importance of careful observation of time rela­
tions between the onset of urinary loss and the maximum rise in intra­
abdominal pressure. 
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IV.13.3. MEASUREMENT OF UNSTABLE CONTRACTIONS 
IV.13.3.1. TYPES OF UNSTABLE BLADDERS 
We divided unstable contractions into those which were seen up 
to a bladder volume of 200 ml, those which occurred between volumes of 
200 ml and 400 ml, and those which occurred throughout this entire 
range of filling. 
These latter was called continuous unstable, and the others discontin­
uous unstable. 
empty bladder *- 200 ml filling *- 400 ml filling 
unstable (n=10) :discontinuous 
S 
n=194 
stable (n= 93)-
У "Ч stable (n=83) 
i n s t a b l e (n=101) ^ stable (n=32) :discontinuous 
( 52» ) ν •*· 
* ' 4 unstable (n=69) :continuousw 
( 36%) 
In the statistical study of unstable contractions only bladders with 
continuous unstable contractions were used. 
IV.13.3.2. UNSTABLE CONTRACTIONS AND AGE 
Fig.s 93 and 94 show the amplitudes of continuous unstable 
contractions versus age at different degrees of filling. 
Using the least squares method no significant relationship was found 
between amplitude of unstable contractions and age (p> 0.10). 
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The resting pressures at these degrees of filling are given in tab VIIa 
in IV.4.2. 
The data as shown in fig.s 93 and 94 are collected in tab. XVIII. 
Filling 0 - 200 ml Filling 200 - 400 ml 
median 
range 
mean 
14 
136-5 
22.0 
s.d. 22.5 
median 
range 
mean 
s.d. 
16 
112-5 
22.2 
20.7 
Tab.XVIII. Continuous uns table con t rac t ion pressures in cm HO (n=69) 
IV.13.3.3.CONTINUOUS UNSTABLE CONTRACTIONS AND MAXIMUM 
CAPACITY 
The maximum capacity as a function of continuous unstable con-
t rac t ion pressure is shown in Fig.s 95 and 96. 
No s ign i f i cant corre lat ion was found for f i l l i n g up to 200 ml(p>0.10), 
though i t was for f i l l i n g between 200 ml and 400 ml ( least squares 
method). 
MAXIMUM CAPACITY(ml)=-2.25 X CONTINUOUS UNSTAB.C0NTR.PRESSURE 
(cm H20) + 538 
(n=69,r= -0.34; d.o.f.=67; 0.0005 <p< 0.005 ; s.d.e= 129 ml) 
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IV.13.3.4. COMMENTS 
It is understandable that a higher degree of filling in the same 
group of patients unstable contractions more easily lead to micturition 
and have a negative effect on capacity. 
For a contraction to be called unstable it had to fulfil three 
criteria: 
1. it had to recur throughout the whole hour-long uro-
dynamic analysis. 
2. it had not to be a part of a micturition process. 
3. it had to produce a contraction pressure of at least 
14 cm H20 (see V.4.I.8.). 
IV.14. AFTER-CONTRACTIONS 
During recording of micturitions we noticed a strange phenomenon 
in the intravesical pressure curve. 67 Of our 194 patients (=34.5%) 
demonstrated "after-contractions" following one or more micturitions. 
This continuing "reverberation" of the detrusor appeared to have the 
following characteristics: 
1. the intravesical pressure during the after-contraction was even 
higher than during the micturition itself. 
2. the after-contractions were of longer duration than the total 
duration of flow. 
3. the after-contraction started on the moment that the descending 
limb of the urine flow curve was half-way between maximum and 
zero. 
The etiology of after-contractions is not certain. "It may be due to 
closure of the outlet tract prior to relaxation of the detrusor mus-
culature. 
At the final moment of micturition detrusor contraction would be iso-
metric and very likely sustained past the moment of outlet tract 
closure . 
At this instant the confined expulsive force would cause bladder 
pressure to rise.The smooth curve of this contraction suggests in-
voluntary muscular effort" (ZINNER, 1963). 
For examples of after-contractions see Fig.s 68/75/88/97/98/105. 
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Fig .97 . A f t e r - c o n t r a c t i o n . Pat.B-5,· Ρ IV; 56 y r . ; c l i n . d i a g . :mixed 
m c o n t . ;urodyn.diag. : de t rusor m c o n t . ; t h e r . :BURCH plasty 
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Fig.98.After-contractlon. Pat. 001-; Ρ III; 29 yr.; clin.diag.: psycho­
genic incont. ;urodyn.diag. : probable sphincter mcont.; ther.: 
laparoscopic sterilisation. 
Fig.s 97 and 98 were made on different patients. They both show identi­
cal "A"-micturition patterns (see IV.5.1.). 
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IV.15. RECORDINGS OF SPHINCTER INCONTINENCE 
MICTURITION 
* ALLOWED 
JUIIIIII 
Intravesical 
pressure 
Cm H 2 0 
Intrarectal 
pressure 
Cm H 2 0 
Flow rate 
Ml/sec 
Fig.99.Sphincter incontinence. Pat.B.-13;P III; 44 yr. .-clin.diag. : 
vaginal prolapse, unclassified type of incont.;urodyn.diag.: 
mixed incont.;ther.: BURCH plasty, (see also fig.88) 
Coughing caused a short, sharp spurt of incontinence with a maximum 
flow rate of 12 ml/sec. The intravesical pressure immediately re­
turned to the resting level. 
3 0 0 m l COUGHS BEAR DOWN 
Time sec * • * 
EMG 200 juV 
6Θ-
Intravesical pressure 34 -
Cm Н
г
О 
Intrarectal 
pressure 34 
Cm НгО 
Flow rate 
Ml /sec 
f* ^ 'f• 4 fY" 
Fig.100. 
Sphincter in­
continence and 
minimal bladder 
instability. 
Pat. V-3;P V; 
35 yr.; 
clin.diag.: 
vaginal pro­
lapse ,sphincter 
incont. 
Urodyn. diag.: 
sphincter incont. 
Ther.: vaginal 
repair. 
187 
There was practically no loss of urine during coughing. Bearing down 
caused a definite loss of urine. Twelve seconds after the second 
bearing down there was a smooth minimal rise in bladder pressure of a 
few cm HoO. The possible significance of this unstable contraction 
was discussed in IV.13.3.4. 
2 0 0 ml BEAR DOWN COUGHS 
Time sec t , — , „* , * „ * 
EMG 200 /iV 
Intravesical 
pressure 
Cm H 2 0 
Intrarectal 
pressure 
Cm Н
г
О 
20 
Flow rate
 1 0 Ml /sec 
0 
Fig.101.Sphincter incontinence. 
Pdt.C.P.-21;P O; 68 yr.; Clan.diag.: Cardiac failure and 
chron. cough ,sphincter incontinence.Urodyn.diag.: sphincter 
incontinence. Ther.: nil. (see also fig.70) 
There was a clear association between intermittent coughing and inter­
mittent incontinence. This phenomenon only occurs in pure sphincter 
incontinence. There was a greater loss of urine during coughing than 
during bearing down as can be seen from the relative heights of the 
peaks in the flow rate channel. 
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Time sec 
L M G 20C nV I 
Intravesical 
p r e s s u r e 
C m Η , Ο 
Intrarectal 
p r e s s u r e 
C m Н
г
О 
6Θ 
34 1 
6 Θ -
34 
Ο ­
ΖΟ-
10 
F i g . 1 0 2 . 
History suggestive 
or sphincter inconti­
nence, urodynamic de­
monstration of de­
trusor incontinence. 
Pat.V-17; Ρ III; 
34 yr.; clin. diag.: 
sphincter mcont., 
vaginal prolapse; 
urodyn.diag.: de­
trusor incontinence. 
Ther.: vaginal re­
pair . 
This recording illustrated loss of urine following coughing, in which 
there was no definite evidence of sphincter incontinence, but rather 
of slight detrusor incontinence . The detrusor contraction was stimu­
lated by the coughing. 
Time sec 
E M G 2 0 0 ¿iV • ••»и»+ч>»Щ'і>ЮІ< 
.
 6 8 
Intravesical 
pressure 3 4 
C m Η , Ο 
' 0 
6 
Intrarectal 
pressure 3 4 
Cm Η , Ο 
О 
2 0 
Flow r a t e 
M l /sec 10 
0 J 
Fig.103.Recording of sphincter incontinence using a rapid paperspeed. 
Pit.C.O.-l 1 ; Ρ ? ; 66 yr. ; clm.diag.: mixed incontinence; 
urodyn.diag.: mixed incont. Ther.: pharm. 
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By increasing the paper-speed to 21 cm/sec. the lag in the recording 
system previously mentioned becomes easily visible. It is important 
to note that this lag is not more than I to 1 sec. In the above re­
cording the maximum incontinent flow appeared within this time from 
the moment of the maximum intra-abdominal pressure.(Fig.103) 
This was thus an example of sphincter incontinence. EMG showed an in­
crease in the action potentials of the levator ani during coughing. 
IV.16. PITFALLS IN PRESSURE RECORDINGS 
Mention was already made in III.6.2.2. of such a pitfall in the 
recording. Intrarectal pressure recording can give a false reading 
through blockage of the catheter side holes with faeces, and unjusti­
fiable conclusions can be made. This was not always a problem but when 
it occurred (see Fig. 104a.) could trap the unwary observer. 
Time sec 
EMG 200 /<V | 
.
 6 8
" Intravesical pressure 34 -
Cm Н
г
О 
6 8 -
Intrarectal pressure 34 -
Cm Н
г
О 
20 
10 
О 
COUGHS 
г О О т І TIGHTEN UP I FAECES IN RECTUS BEAR DOWN 
• • CATHETER 
Flow rate 
Ml /sec 
*-4 
-I'd 
η 
η 
Fig.104а.Lack of intrarectal pressure response. 
Pat.CO.-4; Ρ ?; 49 yr.; clin.diag.: chron. pyelocystitis, 
hypertonic bladder, detrusor incontinence. Urodyn.diag.: 
mixed incontinence. Ther.: pharm. 
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Coughing produced the same pressure response in both intravesical and 
intrarectal pressure recordings, but on bearing down immediately there­
after there was a greater pressure rise in the bladder than was seen 
in the rectum. A rise in intrinsic intravesical pressure could be 
ruled out by the shape of the curve. 
Time sec 
EMG 200/iV Щ 
Intravesical | 
pressure 34 -I 
Cm H5O I 
2
 0 J 
68
 Ί Intrarectal I pressure 34 -I 
Cm Η,Ο I 
0 J 
2 0 - 1 
Flow rate
 l n Ml/sec u 
0-
Fig.104b.Peristalsis in the rectum. 
Pat. V. -40,- Ρ IV; 42 yr.; clin.diag.: vaginal prolapse, sphincter 
incontinence. Urodyn.diag.: sphincter incontinence. Ther.: 
vaginal hysterectomy and repair. 
Occasionally, as illustrated above, a regular pressure wave with a fre­
quency of approximately 3 per min. was seen in the intrarectal pressure 
recording. This coincided with a strong desire to defaecate and might 
possibly have been caused by excessive filling of the rectum with nor­
mal saline. Note the marked EMG potentials signifying external anal 
sphincter contraction. When such peristaltic waves appeared in the 
intrarectal pressure the intrarectal pressure read, for means of cal­
culation of intrinsic intravesical pressure, was that which occurred 
between the peristaltic waves. 
Intravesical pressure response can be disturbed by kinking of the cathe­
ter which was visible as a delay in the pressure response, with 
5 0 m l IN RECTUM BLADDER 
• NOT FILLED 
"J1 " in h ι я ,» , |, 
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loss of amplitude. Expulsion of the intravesical pressure catheter 
was easily seen. 
Time sec 
EMG 200 /iV 
68 π Intravesical pressure 34 -
Cm Η,Ο 
2
 0-
6 8 -
Intrarectal pressure 34 -
Cm Н
г
О 
2 0 -
Flow rate
 1 0 . Ml /sec 
O-
200nnl COUGHS BEAR MICTURITION 
* «DOWN « 
ι »4> 
FLUSH AFTER 
» * FLUSHING 
» ' ' " ' I 
IHrlMMW-
i/ u. 
Ц -
Fig.105.Intravesical pressure dropping: an artefact. 
Pat.C.P.-24; Ρ IV; 40 yr.; clin.diag.: im xed incont., minimal 
vaginal prolapse; urodyn. diag.: detrusor incont.Ther.: ring 
pessary and pharm. 
Another phenomenon sometimes occurred after a micturition process with 
the catheter apparently in situ with a drop in the recorded pressure 
to below the zero-line. We thought that the cause of this was air 
bubbles in the distal pressure catheter since flushing with a few 
ml of saline immediately corrected the fault. 
IV.17. CHOICE OF UNITS AND STANDARDS 
The units used in our urodynamic analyses were chosen on the ad­
vise of the International Continence Society (ICS). After the congress 
of October 1975 in GLASGOW, Scotland, agreement was made regarding 
nomenclature and units so that there would be better international 
co-operation and understanding of the various techniques. 
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The following standards were agreed: 
- pressure in cm H^O 
- volume in ml 
- temperature in degrees Celsius 
- recording zero-lines at the upper level of the sym-
physis pubis. 
The above standards were adhered to in our study. 
IV.18. PROPHYLACTIC THERAPY 
After completion of a urodynamic analysis all patients received 
prophylactic therapy with hydroxymethylnitrofurantoin (URFADYNR) 
q.d.s. 80 mg for ten days or nitrofurantoin (FURADANTINE MC R), q.d.s. 
100 mg for ten days. 
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CHAPTER V 
DIAGNOSIS AND THERAPY 
V.l.FURTHER ANALYTICAL PROCEDURES 
Immediately after admission of the patient to hospital -if it was 
necessary- the nursing staff began a so called "plaslijstje" or 
piddling-paper, on which was recorded each micturition volume and the 
time thereof, together with the occurence of urinary incontinence and 
an assessment of severity. 
Since cystoscopy and XCCR can irritate the bladder the urodynamic ana-
lysis was the first to take place, preferably as an out-patient proce-
dure. Then the specialised radiological techniques (see III.5.2.2.) 
and the cystourethroscopy (see 111.7.) followed. 
When the results of all the relevant laboratory investigations (see 
III.4.) were known, the patient was discussed "en petit comité". 
V.2.THE FINAL DIAGNOSIS 
During the above discussion attention was first paid to the 
history, as in III.l., with emphasis on the primary complaint of the 
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patient. No rigid therapeutic scheme was followed; rather we attempted 
to see the individual female patient as a whole. Such interacting 
factors as the marital status, sexual relations, desire for further 
children, the severity of the primary complaint and the significance 
of the incontinence to the patient herself were taken into account. 
Above all there should be correlation between the results of the 
different investigations. 
For instance, should the urodynamic classification have been "probable 
sphincter incontinence", while the "plaslijstje", cystoscopy and 
XCCR did not confirm this, no direct operative therapy was undertaken. 
The results of the different special investigations should fit to­
gether as parts of a jig-saw puzzle before a definite diagnosis is 
reached. 
V.3. RETROSPECTIVE URODYNAMIC CLASSIFICATION 
The elaboration of patient material in this study was based on 
the urodynamic findings, on which the following classification was 
made: 
a. probable sphincter incontinence: 
no abnormality found during urodynamic invest igat ion but a 
d e f i n i t e h istory of sphincter incontinence complaints. 
b. definite sphincter incontinence: 
pure sphincter incontinence demonstrated during urodynamic 
investigation. 
с detrusor incontinence: 
signs of involuntary uninhibited detrusor contractions in 
the absence of demonstrable sphincter incontinence. This 
was further classified as:-sensory detrusor incontinence 
-motor detrusor incontinence 
-motor detrusor instability with 
continence 
d. mixed incontinence: 
demonstrable sphincter incontinence and visible motor detrusor 
instability with or without incontinence 
e. other diagnosis: 
neurogenic bladder retention, difficult micturition etc. 
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Fig .106.Incidence of d i f f e r e n t urodynamic diagnoses 
We studied the possible differences in body weight in the diagnostic 
groups. 
It appeared, using the KRUSKALL-WALLIS-test, that the following differ­
ences existed (KW=5.1; d.o.f.= 2; 0.05 <p< 0.10) : 
1. The weight of the patient with the diagnosis detrusor 
incontinence tended to be lower than the weight of the 
patients with mixed incontinence. 
2. The weights of the patients with the diagnosis sphincter 
incontinence tended to be lower than the weights of the 
patients with mixed incontinence. 
An explanation for this statistical finding is not obvious to us. In 
any case the degree of significance is not great. 
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V.4. THERAPY 
The most important factor in the choice of therapy was the pri­
mary complaint which brought the patient to us. If she came primarily 
with prolapse complaints then attention was first paid to the severity 
of the prolapse. If there was associated urinary incontinence than the 
repair of the prolapse was the primary line of treatment. Thus it can 
be explained why there were patients with detrusor incontinence in 
our operative therapy group, though as a general rule detrusor inconti­
nence should be managed pharmacologically. 
Similarly it can be explained why abdominal hysterectomy figured in 
our operative therapy group. 
It is therefore important to divide our therapy for urinary inconti­
nence into 4 groups. 
a. therapy primarily directed towards the urinary incontinence; 
the presence of a prolapse was thus not the key (see V.4.I.). 
b. therapy primarily directed towards the cure of genital prolapse 
in which improvement of urinary incontinence was possible 
(see V.4.2.). 
с therapy primarily directed towards other gynecological findings 
with no direct influence on the incontinence (see V.4.3.). 
d. conservative therapy (see V.4.4.). 
V.4.1. SPECIFIC URINARY INCONTINENCE OPERATIONS 
There are many operative techniques and modifications thereof 
which can be included under this heading. We restricted our choice 
to the colposuspension described by BURCH. This is a modification of 
the MARSHALL-MARCHETTI-KRANTZ-operation 
V.A.l.l.BURCH'S COLPOSUSPENSION OPERATION. THE TECHNIQUE 
The patient was placed in lithotomy position on the operating td-
table under general anaesthetic. The abdomen, vulva and vagina were 
prepared with iodine by two separate operators. The sterile towels 
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were so placed as to separate the two operative fields. 
The surgical team consisted of the operator and two assistants, one 
working abdominally and the other vaginally. The vaginal assistant 
inserted an 18 Ch Foley catheter transurethrally into the bladder 
and inflated the 30 ml balloon. The vagina was straightened with a 
special cylindrical speculum which was manouevred during the operation 
on request of the surgeon. 
The lower abdomen was incised either in the mid-line or by a PFANNEN-
STIEL incision, and the cave of RETZIUS was exposed. The abdominal 
peritoneum was left intact. Using blunt dissection with the fingers 
and a mounted swab the bladder neck and the vagina were reached. 
The areolar tissue between the antero-lateral bladder wall and the 
posterior surface of the pubic bones were separated as far as the le-
vator ani and obturator internus muscles. 
The connection of the bladder fundus and side walls with the posterior 
surfaces of the rectus abdominis muscles were also separated. Special 
attention was paid to preparing the lateral vaginal walls above the 
pubococcygeus muscles. The venous plexus in this area is easily trau-
matised but hemostasis can usually be secured by pressure. The whole 
operative field including the lateral walls of the proximal vagina, 
the bladder neck and the lower antero-lateral borders of the bladder, 
COOPER's ligament and the pelvic bones were now exposed. Three no. 2 
chromic catgut sutures were placed on each side from COOPER's liga-
ment to the proximal vaginal wall. These sutures were tied, after 
removal of the vaginal speculum, on the fingertips of the vaginal 
assistant. If necessary, the abdominal peritoneum could then be open-
ed and any necessary abdominal surgery performed. The wound was 
closed in layers without routinely inserting a drain. 
A supra-pubic bladder catheter was inserted and left for 7 days 
draining continuously into a bag. After this time it was removed only 
if there was no residual urine when the catheter was clamped and the 
patient micturated spontaneously per urethram. 
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V.4.1.2. THE REASONS FOR CHOOSING THE BURCH PLASTY 
The MARSHALL-MARCHETTI-KRANTZ operation, from which the BURCH 
plasty was derived has shown its specific value over the last quarter 
of a century. However it has a number of disadvantages. 
The periostium of the symphysis is not ideally suited to holding su-
tures and peri-ostitis or ostitis can sometimes complicate the post-
operative period. Furthermore the stitches are laid alongside the 
urethra and it is possible to damage this structure and to cause post-
operative fibrosis. The modifications of BURCH avoid these disadvan-
tages. The results of both procedures are the same: the bladder neck 
is pulled up behind the symphysis and the urethra is straightened 
out. 
A further advantage to the BURCH plasty is that it corrects a deep 
cystocoele. We regard the BURCH plasty as being superior to sling pro-
cedures as well. In the latter it is always difficult to obtain the 
exact degree of tension around the urethra and if it is too great the 
urethra may be cut through especially if synthetic materials are used. 
A loose sling is ineffective. Residue more often occurs following 
sling operations than colposuspensions. 
We shall not discuss the various surgical options further in this 
thesis. 
V.4.1.3. BURCH PLASTY OPERATION - THE PATIENTS 
90 of our 194 patients (46.4%) were operated on in some manner 
or other. The operations primarily for incontinence were 37 in number 
(19.1%) all of which were BURCH colposuspensions. 
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Two patients who had their incontinence analysed by us were subse­
quently operated on elsewhere for primary incontinence : one patient 
had a flARSHALL-MARCHETTI-KRANTZ operation, and the other had a 
MARTIUS plasty. 
No other primary incontinence operations were performed on this series 
of patients. 
We shall now discuss the 37 patients who had BURCH operations (see 
V.4.1.1.) performed, and who will be refferred to as the BURCH group. 
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V . 4 . 1 . 4 . BURCH GROUP AND AGE 
BURCH group other patients 
number 37 157 
median 46.5 48.5 
range 71-29 77-20 
mean 45.8 48.8 
s.d. 9.9 12.4 
Using Student's t - t e s t there was a possible difference between the 
ages of the BURCH group patients and the other patients (t= 1.575; 
d.o. f .= 192; 0.05 <p< 0.10). 
V . 4 . 1 . 5 . PARITY OF BURCH GROUP PATIENTS 
The 37 patients of the BURCH group had borne a t o t a l of 121 
chi ldren. 
The median was 3 c h i l d r e n , range 8-0, mean 3.27. 
There was no s i g n i f i c a n t difference between the p a r i t y of the BURCH 
group and those of other therapy groups except the vaginal surgery 
group using the χ2 t e s t , ( x ^ d . o . f . = 1 2 ) = 1 2 · 3 ; p > 0 · 1 0 ^ 
V . 4 . 1 . 6 . WEIGHT DISTRIBUTION IN THE BURCH GROUP 
The weight was known f o r 33 of the 37 pat ients. The median weight 
was 67 kg ,the range 101-45 kg, and the mean was 68.3 kg. 
No comparison was made with the patients in the other therapy groups. 
V . 4 . 1 . 7 . PREVIOUS SURGERY IN THE BURCH GROUP 
No mention was made here of operations other than gynecological 
or urologi cal ones. 
Previous operations were as fol lows: 
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a. operations for urinary incontinence (for patient number see tab XX) 
no previous operation : 28 
one previous operation : 4 (pat.B.6,8,15 and 20) 
two previous operations : 2 (pat.B.14 and 27) 
b. other gynecological operations: 
abdominal hysterectomy : 2 (pat.B.4 and 19) 
vaginal hysterectomy and 
full repair : 1 (pat.B.l) 
The 4 patients with one previous operation were: two with previous 
MARSHALL-MARCHETTI-KRANTZ operations elsewhere; one patient who had 
had an anterior repair elsewhere and one patient who had had an an-
terior and posterior repair in our own clinic. 
The two patients who had each been operated on twice previously were: 
one patient who had had a MARSHALL-MARCHETTI-KRANTZ operation and a 
transurethral resection elsewhere; and one patient who had had an-
terior and posterior repairs and then later a vaginal hysterectomy in 
our own clinic. 
The three patients with urinary incontinence following gynecological 
surgery had all been operated in our own clinic. 
V.4.1.8. URODYNAMIC DIAGNOSES IN THE BURCH GROUP 
The following urodynamic (not necessarily final) diagnoses were 
made: 
sphincter incontinence n=16 (43.2%) 
-probable sphincter :n=5(=13.5%) 
-definite sphincter :n=ll(=29.7%) 
mixed incontinence n=17 (45.9%) 
-sphincter incont. with 
unstable contractions 
but no'detrusor incont. :n=ll(29.7%) 
-sphincter incont. with 
detrusor incont. :n=6(16.3%) 
detrusor incontinence n= 4 (10.9%) 
-definite detrusor incont. :n=2(5.4%) 
-unstable contractions 
but no incontinence :n=2(5.4%) 
Tab.XIX.Urodynamic diagnoses in the BURCH group 
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Unstable contractions with and without incontinence occurred as 
follows: 
discontinuous unstable contractions from 0 — 2 0 0 ml 
unstable contractions from 0 —200 ml, with further filling 
impossible 
continuous unstable from 0 —200 ml 
continuous unstable from 200 — 4 0 0 ml 
discontinuous unstable contractions from 200 — 400 ml 
c. e. 
number 
median 
range 
mean 
measured 
7 
5 
14-5 
7.6 
14 
57-5 
22 
16 
38-3 
15 
5.5 
6-3 
5 
43 
unstable contraction pressures in cm H-O in the BURCH group. 
It can be seen that discontinuous unstable contractions seemed to be 
of lower amplitude than continuous unstable contractions. 
For the significance of the difference between continuous and dis-
continuous unstable contractions see IV.13.3.1. 
Detrusor incontinence was diagnosed significantly less frequently than 
mixed incontinence and sphincter incontinence among the BURCH group 
Z(d.o.f.=2)= (X 2M n f -?i= 1 5 · 0 3 i ?< 0-005). 
V . 4 . 1 . 9 . LENGTH OF HOSPITAL STAY FOR BURCH GROUP PATIENTS 
Counting from the day of admission up to and including the last 
whole day in hospital the median stay was 20 days, with a range of 
101-13 days and a mean of 23.6 days. 
Post-operative hospital stay for the BURCH group had a median of 14 
days, range of 90-11 days, and a mean of 17.9 days. The day of opera-
t ion was counted as the f i r s t day. 
The reason for the large discrepancy between median and mean stays 
was the length of stay of two patients. One developed an anxiety de-
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pression post-operatively and did not micturate spontaneously until 
the 87th day and was discharged on the 91th day. The other was nursed 
for 44 days post-operatively because of a succession of serious com­
plications. 
V.4.1.10 COMPLICATIONS OF THE BURCH OPERATIONS 
The complications were divided into those which arose during and 
post-operation. 
a. Complications during operations: 10 (=27%) 
These were: - accidental opening of the bladder twice in 
patients with previous ИМК operations. 
- bleeding in the cave of RETZIUS,controlled by 
pressure or ligation: 7 times 
- loss of a broken needle point in cavum RETZII 
once. 
b. Post-operative complications: 29 (=78.4%) 
These 29 patients had a total of 35 complications as follows: 
urinary tract infections : 
wound hematomas : 
wound infections : 
Abscess in cave of RETZIUS : 
Urinary retention : 
leakage of urine from the supra-pubic 
catheter site : 
wound break down 
post-operative temperature of unknown 
origin : 1 (2.86%) 
Hematuria after removal of the supra­
pubic catheter : 1 (2.86Ж) 
uroseptic shock : 1 (2.86%) 
One patient died on the 45 post-operative day following various compli­
cations, after a uroseptic shock. 
8 
4 
3 
3 
2 
1 
1 
( 5 1 . 4 % ) 
( 1 1 . 4 % ) 
( 8 . 6 % ) 
( 8 . 6 % ) 
( 5 . 7 % ) 
( 2 . 8 6 % ) 
( 2 . 8 6 % ) 
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V . 4 . 1 . 1 1 URINARY TRACT INFECTIONS IN THE BURCH GROUP 
35 of the 37 BURCH patients had results of pre-operative urine 
cul tures. They were a l l asymptomatic regarding urinary in fect ions. 
The 35 catheter specimens of urine cultured were posi t ive in 4 cases 
(11.4%) Three grew Escherichia co l i and one Trichomonas. 
In 32 cases the results of routine post-operative urinary cultures 
(obtained via the supra-pubic catheter) were known. 24 (75%) Were 
pos i t ive. In these posi t ive cultures 31 organisms were isolated: 
E. coli 
Staph.aureus 
Enterococci 
mixed culture 
Hemolytic streptococci 
Staph, epidermidi s 
Proteus mirabilis 
Alcaligenes faecal i s 
Gram-negative rods 
Staph, albus 
Serratia 
Acinetobacter anitratus 
Kliebsiella 
Enterobacter cloacae 
Unidentified bacteria 
8 
3 
3 
3 
2 
2 
2 
'25.8%) 
< 9.7%) 
9.7%) 
9.7%) 
6.5%) 
6.5%) 
6.5%) 
3.2%) 
3.2%) 
3.2%) 
3.2%) 
3.2%) 
3.2%) 
3.2%) 
3.2%) 
The incidence of 11.4% posi t ive cultures in patients with incont i -
nence complaints in samples taken before our investigations and 
without symptoms of urinary infections supports our practise of rou-
t ine cu l ture. 
The 75% post-operative urinary infect ion rate raises the question of 
the necessity for routine prophylaxis. I t must again be stressed that 
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all our patients had supra-pubic bladder drainage into a close system 
and that the catheter was not removed until the residue was less than 
100 ml. It seems more likely that infection was introduced by the 
immediately pre-operative investigations than by the operation itself. 
As already mentioned, routine prophylaxis in the form of URFADYNR or 
KURADANTINE MC R was given to all patients following out-patient uro-
dynamic investigations (see IV.18). 
Patients who were analysed in the hospital did not receive this pro­
phylaxis and it now seems reasonable that they should. 
V.4.1.12.1. TOPOGRAPHICAL CHANGES AFTER THE BURCH PLASTY 
The principle of the BURCH operation is the elevation of the 
urethrovesical junction and straightening of the urethra so that the 
intra-abdominal forces may act on the proximal urethra. 
The vaginal vault is also elevated by colposuspension thus eliminating 
a deep cystocoele (see V.4.1.1.). 
The illustration of these changes was made on patient B.-31 (see 
Tab.XX) by repeat XCCR 6 months post-operatively. 
Fig. 108 shows diagrammatically the position of the pelvic organs at 
rest before and after the operation. There was no change. 
Comparing the topography before and after operation during bearing 
down shows a positive result. 
Fig.108.Topography of the pelvic organs before and after a BURCH ope­
ration with the patient at rest. 
Pat.B.-31; Ρ IV; 37 yr.; clin.diag.: sphincter incontinence. 
Urodyn diag.: detrusor incont.; ther.: BURCH plasty, (see also 
Fig.s 8,9,10,11.) 
Fig.109.Topography of the pelvic organs before and after a BURCH ope­
ration with the patient bearing down. 
Same pat. as shown in Fig. 108. 
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At rest-position 
before and 
after Burch 
Fig.108. 
Fig.109 
Bear down 
before Burch 
after Burch 
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The position of the uterus was not changed by the operation. The 
vagina was brought closer to the SCIPP-line especially in its deeper 
portion. The bladder neck was similarly elevated and the urethra 
straightened. The proximal urethra remained closed during bearing down. 
The anterior wall of the rectal canal moved with the vagina anteriorly. 
The colposuspension of BURCH gave similar post-operative radiological 
findings to the MARSHALL-MARCHETTI-KRANTZ operation as shown in 
111.5.3.2.8.1..and 111.5.3.2.8.2. 
Fig. 109 shows the bladder base plate at an angle to the SCIPP-line 
after operation but the patient is now continent. This suggests that 
the position of the bladder neck is of greater importance for conti-
nence than the base plate's alignment to the SCIPP-line. 
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V.4.1.12.2. RESULTS OF THE BURCH OPERATION 
Routine post-operative control was performed after 6 weeks on 
all 36 patients. They were questioned regarding their incontinence or 
other symptoms, and a gynecological examination was performed. 
The patients gave the following subjective evaluations of the opera­
tive results: 
Question : Are you satisfied with the results ? 
Question 
Question 
Satisfied : 
moderately satisfied : 
dissatisfied 
answer unknown 
Do you still loose 
completely dry 
improved 
still wet 
answer unknown 
If you are dry, 
no urgency 
urgency 
unknown 
do 
: 
30 
2 
3 
1 
urine ? 
you 
27 
5 
3 
1 
(83.3%) 
( 5.6%) 
( В.ЗЯ) 
( 2.8%) 
(75 t ) 
(13.9%) 
( 8.3%) 
( 2.8%) 
suffer from urgency ? 
23 
4 
1 
(63.9%) 
(11.1%) 
( 2.8%) 
Further questioning regarding complaints revealed that 4 of the 36 
patients (11.1%) probably had urinary infections and these were confir­
med by culture. None of the four was still incontinent, though one 
complained of frequency and urgency. 
Gynecological examination showed a well pulled-up anterior vaginal 
wall in 35 of the 36. The remaining patient who had had a post­
operative abscess in the cave of RETZIUS, had only unilateral eleva­
tion of the anterior vaginal wall. She was, however, dry. 
6 Patients (16.7%) still had slight exudation from their wounds. One 
patient complained of pain in the left inguinal region, but no abnor­
malities could be found on external or internal examination. The pain 
was ascribed to possible traction on the ligament of COOPER. 
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FURTHER EVALUATION 2 TO 48 MONTHS POST-OPERATIVELY 
In Febr. 1976 all the BURCH group patients were sent a questionnaire. 
10 Weeks later 30 (83,3%) of the questionnaires had been returned with 
the following answers : 
Question : Are you satisfied with the result ? 
Yes : 21 ( 70%) 
-No : 9 ( 30%) 
Question : Are you satisfied with the result but still not com­
pletely dry ? 
dry : 18 (60%) 
still occasionally wet : 3 (10%) 
Question : If you are dissatisfied was your urinary loss made any 
better ? 
no better : 7 (23.3%) 
partially improved : 2 (6.7%) 
Three patients who were dissatisfied at the 6 week follow-up remained 
dissatisfied: two patients who were initially moderately satisfied 
were now dissatisfied. Four patients who were satisfied at the first 
follow-up were later dissatisfied. One of these had urgency six weeks 
after operation, another's initial answers were unknown, and two had 
had no complaints. 
Three months after the first postal inquiry the six patients who had 
not replied were written to again. Three more questionnaires were then 
returned, giving a total response of 33 (91.7%). 
Studying the possible relationship between the urodynamic diagnosis 
and the result of the enquiry to the question :"are you satisfied 
with the result of the operation ?" gave the following figures: 
diagnosis number satisfied dissatisfied unknown 
sphincter incont. 
mixed incont. 
detrusor incont. 
The χ 2 test did not show any difference in the chances of being satis­
fied in the sphincter incontinence and mixed incontinence groups. 
x
2 ( d . o . f . = i ) = 2 · 4 2 ·> Р > О Л О > · 
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16 
17 
4 
12 
9 
3 
2 
6 
1 
2 
2 
0 
In the groups diagnosed urodynamically as mixed incontinence and de­
trusor incontinence there were satisfied patients. This could be due 
to: the treatment of intercurrent urinary tract infections, the phar­
macological treatment of unstable bladder, a placebo-effect of the 
operation, spontaneous cure despite the operation, original mis­
diagnosis of mixed incontinence as pure detrusor incontinence and 
finally an effect of colposuspension on detrusor incontinence. 
Regarding this last possibility SUSSET (1974) and McGUIRE (1976) both 
suggested that suspension operations had a beneficial effect on de­
trusor incontinence. We cannot exclude this possibility. 
Significance of the symbols in Tab. XX. 
Column 
Column 
Column 
Column 
Column 
Column 
Column 
Column 
Column 
Column 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
number patient 
satisfied 6 week follow-up 
loss of urine 
months after operation 
satisfied 
loss of urine 
months after operation 
satisfied 
loss of urine 
diagnosis,urodynamical 
CD 
'V 
• 
Φ 
< 
Ψ 
τ 
t 
S 
M 
D 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
satisfied 
moderately satisfied 
dissatisfied 
dry 
improved,not dry 
unchanged wet 
urge 
dead 
sphincter incontmenc 
mixed incontinence 
detrusor incontinencf 
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11 
12 
13 
14 
15 
16 
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22 
23 
24 
25 
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40 
37 
37 
48 
36 
35 
35 
28 
29 
28 
27 
23 
21 
10 
21 
t 
14 
16 
12 
15 
13 
13 
6 
4 
12 
9 
11 
11 
9 
8 
3 
7 
7 
6 
6 
6 
2 
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V.4.2. OPERATIONS PRIMARILY FOR PROLAPSE 
These operations were anterior or posterior vaginal repairs,alone 
or in combination, with or without vaginal hysterectomy. 
V.4.2.1. THE REASONS FOR VAGINAL APPROACHES 
As already stated we did not adhere to a rigid scheme for choice 
of therapy such as performed by GREEN (1968). Vaginal repair was per-
formed if it was indicated for reasons other than incontinence. 
V.4.2.2. VAGINAL OPERATIONS 
As shown in Fig. 107, 43 patients (22.2% of the total patients 
studied) had vaginal operations. These were as follows: 
-anterior colporaphy 
-anterior and posterior 
colporaphy 
-posterior colpoperineoraphy 
-vaginal hysterectomy 
-vaginal hysterectomy and posterior 
colpoperineoraphy 
-vaginal hysterectomy and anterior 
and posterior colporaphy 
-Vaginal hysterectomy and anterior 
colporaphy 
8 
21 
2 
V . 4 . 2 . 3 . VAGINAL GROUP AND AGE 
Age (years) 
number 
median 
range 
mean 
s.d. 
43 
47.5 
77-28 
48.8 
11.3 
Using Student's t test there was no s ign i f i can t difference between the 
ages of the vaginal surgery group and the BURCH group. (t= 1.266; 
d .o . f . = 78; p> 0.10) 
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V . 4 . 2 . 4 . PARITY AND VAGINAL SURGERY PATIENTS 
The patients in the vaginal surgery group had borne a t o t a l of 
203 chi ldren. The mean par i ty was thus 4.72. Using the χ2 test the 
par i ty of the vaginal surgery patients was s i g n i f i c a n t l y higher than 
that of the other patient groups ( x 2 / ^
 0 f =i2)= 3 2 - 7 · p < 0 · 0 0 5 ) · 
This would seem to indicate a relat ionship between par i ty and vaginal 
prolapse. 
V . 4 . 2 . 5 . WEIGHT DISTRIBUTION IN THE VAGINAL GROUP 
The weight was known for 41 of the 43 patients in th is group. 
number 
median 
range 
mean 
ese were divided U| 
41 
70 kg 
110 - 44 kg 
71.8 kg 
j as follows: 
ant. 
repair 
ant.and 
post. 
repairs 
vag.hyst. vag.hyst. 
and ant. 
repair 
vag.hyst. 
and full 
repair 
vag.hyst. 
and post 
repair 
post. 
re­
pair 
number 8 
median 63.5 
range 70-56 
mean 63.6 
20 
73 
101-44 
73.8 
4 
84 
110-54 
83 
1 6 1 1 
74 
85-67 
55 75.8 49 66 
Tab.XXI. Vaginal therapy and weight in kg. 
Further detailed statistical analysis of these figures is not justi­
fied since the group included patients with not only prolapse and in­
continence but also those with menstrual disorders. 
V.4.2.6. PREVIOUS SURGERY IN THE VAGINAL THERAPY GROUP 
Again only gynecological or urological surgery is referred to 
here. 
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Of our 8 anterior repair patients 2 had had previous surgery for in-
continence: one had had a vaginal hysterectomy in our own clinic and 
the other had had two separate prolapse operations performed else-
where (pat. no.s : 1 and 4, see tab XXIII) 
Two further patients had had previous surgery for indications other 
than incontinence. These were patient no. 2 (subtotal hysterectomy 
elsewhere) and pat. no.7 (abdominal hysterectomy elsewhere). 
Both these operations had been performed 20 years previously. 
None of our 21 patients who had anterior and posterior colporaphy 
had previously been operated on. 
One of the two patients who had a posterior repair had been ope-
rated on 4 times previously. 20 Years earlier pat.no.30 (see tab.XXIII) 
had had a DOLERIS operation and posterior repair. Later she had an 
anterior repair, a MARSHALL-MARCHETTI-KRANTZ operation and then 4years 
previously further anterior and posterior repairs, all in our own 
clinic. 
One patient (pat. no. 32, see tab. XXIII) who had a vaginal hyster-
ectomy had been operated on three times previously. 5 Years earlier 
she had had anterior and posterior repairs because of incontinence, a 
urethrovaginal fistula was then closed and three years before her 
hysterectomy she had had a BURCH plasty. All these operations had been 
performed in our own clinic. 
V.4.2.7. URODYNAMIC DIAGNOSES IN THE VAGINAL GROUP 
The following urodynamic (not necessarily final) diagnoses were 
made: 
sphincter incontinence : n=16 (37.2%) 
-probable sphincter : n= 8 (18.6%) 
-definite sphincter : n= 8 (18.62!) 
mixed incontinence : n=13 (30.2%) 
-sphincter incontinence with unstable 
contr.but no detrusor incontinence : n= 8 (18.6%) 
-sphincter and detrusor incontinence : n= 5 (11.6%) 
detrusor incontinence : n=10 (23.3%) 
-definite detrusor incontinence : n= 2 ( 4.7%) 
-unstable contractions,but no incont. : n= 8 (18.6%) 
other diagnosis : n= 4 ( 9.3%) 
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"Other diagnoses" were: frequency and difficult micturition: pat.no.4 ; 
Difficult micturition due to prolapse : pat.no. 7; difficult mictu-
rition and metrorrhagia : pat. no. 35 ; prolapse, urinary retention 
and atonic bladder: pat. no. 38. 
A total of 23 (53.5%) of the vaginal surgery patients had shown un-
stable contractions on urodynamic analysis. 
Discontinuous unstable contractions from 0 — 200 ml occurred in 6 
patients with a median detrusor contraction pressure of 11 cm H-O 
(range 19 - 5 cm h^O and mean 11.3 cm ^ O ) . 
Discontinuous unstable contractions from 200 — 400 ml occurred in one 
patient with a detrusor contraction pressure of 11 cm HpO. 
Continuous unstable contractions had been diagnosed in 16 patients 
with the following detrusor contraction pressures in cm ^ 0 : 
0 ml - 200 ml 200 ml — 400 ml 
number 16 16 
median 16 16 
range 65-5 73-5 
mean 22.5 22.2 
The significance of these unstable detrusor contraction pressures is 
the same as for the BURCH group patients (see V.4.1.8. and IV.13.3.1.). 
Continence or incontinence is not related only to the amplitude of the 
detrusor contraction pressure, but also to the outlet resistance (see 
IV.5.1. in which types of micturition were discussed.). 
V.4.2.8. LENGTH OF HOSPITAL STAY FOR VAGINAL SURGERY 
PATIENTS 
The median hospital stay for these patients was 21 days with a 
range of 62-14 days and a mean of 23.2 days'. The length of stay was 
calculated as for the BURCH group. One patient stayed in hospital 
for 62 days because of hysteria and urinary retention. 
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V . 4 . 2 . 9 . COMPLICATIONS IN THE VAGINAL SURGERY GROUP 
No noteworthy complications occurred during the vaginal opera­
t ions. 
29 Patients (67A%) developed 40 post-operative complications as 
fol lows: 
urinary t r a c t infections 
urinary retention 
secondary hemorrhage 
respiratory t r a c t in fect ion 
hysteria 
hematuria after removal of a 
supra-pubic catheter 
24 (49 % ) 
17 (34.8%) 
5 (twice in one patient) (10.2%) 
1 ( 2 %) 
1 ( 2 %) 
1 ( 2 %) 
As for the BURCH group of pat ients, hal f the post-operative compli­
cations were urinary infect ions (See. V.4.1.10). 
V . 4 . 2 . 1 0 . URINARY TRACT INFECTION IN THE VAGINAL GROUP 
The results of 41 pre-operative urinary cultures were known for 
the 43 vaginal surgery pat ients. 9 Were posit ive (21.9%) of which 
б grew E . c o l i , 2 grew Proteus m i r a b i l i s , and one grew hemolytic Strepto­
cocci . 
The results of post-operative urinary cultures were known for 36 of the 
pat ients. The samples were obtained via e i ther supra-pubic or trans­
urethral catheters. 24 Cultures were posit ive (66.7%). 32 Organisms 
were isolated : 
E.coli 
Bact.anitratum 
Enterococci 
Aerobacter 
Serratia 
Proteus mirabilis 
Staph.aureus 
Citrobacter 
Indiff. streptococci 
Staph, albus 
Mixed flora 
Alcaligenes faecalis 
8 
6 
4 
3 
2 
2 
2 
25 X) 
18.7%) 
12.5%) 
9.4%) 
6.3%) 
6.3%) 
6.3%) 
3.1%) 
3.1%) 
3.1%) 
3.1%) 
3.1%) 
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The 21.9% positive pre-operative cultures again emphasise the impor­
tance of routinely seeking urinary tract infections in patients with 
incontinence complaints. The degree of urinary stasis in patients with 
vaginal prolapse is greater than that in patients with incontinence 
but minimal prolaose. This probably explains the higher percentage of 
positive pre-operative cultures in the vaginal surgery group than in 
the BURCH group (11.4%). 
V.4.2.11. RESULTS OF VAGINAL SURGERY 
Routine follow-up at 6 weeks and postal enquiry were performed as 
for the BURCH group. All patients attended for 6 week control, and only 
one did not return a completed questionnaire. 
Significance of the symbols in Tab.XXIII. 
Column 
Column 
Column 
Column 
Column 
Column 
Column 
Column 
Column 
Column 
1 
2 
3 
4 
5 
6 
7 
θ 
9 
10 
number patient 
satisfied 6 week follow-up 
loss of urine 
months after operation 
satisfied 
loss of urine 
months after operation 
satisfied 
loss of urine 
diagnosis,urodynamical. 
œ 
'Ъ 
• 
φ 
< 
ψ 
τ 
t 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
satisfied 
moderately satisfied 
dissatisfied 
dry 
improved,not dry 
unchanged wet 
urge 
dead 
no incont.,but other drag. 
M = mixed incontinence 
D = detrusor incontinence 
S = sphincter incontinence 
0 = other diagnosis 
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P a t . s 1 t o 8 : a n t e r i o r r e p a i r 
a n t e r i o r and p o s t e r i o r r e p a i r s 
p o s t e r i o r r e p a i r 
vaginal hysterectomy 
vaginal hysterectomy and a n t e r i o r r e p a i r 
vaginal hysterectomy and p o s t e r i o r r e p a i r 
vaginal hysterectomy and f u l l r e p a i r 
P a t . s 
P a t . s 
P a t . s 
P a t . 
P a t . 
P a t . s 
9 to 29 
30 and 31 
32 t o 35 
36 
37 
38 to 43 
Tab. XXIII. Post-operative results of vaginal therapy 
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DISCUSSION RESULTS 
Similar questions were asked of the vaginal patients as of the BURCH 
group patients. 
The answers were as follows: 
Question: Are you satisfied with the result of the operation ? 
answer : N=43 Satisfied : 38 (88.4%) 
dissatisfied : 5 (11.6%) 
Question: Do you still loose urine ? 
answer : N=39 completely dry 
improved 
still wet 
33 (84.6%) 
2 ( 5.1%) 
4 (10.3%) 
Patients no.s 4,7,34 and 35 had no incontinence complaints before or 
after operation. The urodynamic diagnoses of these 4 patients were: 
pat. no. 4 
pat. no. 7 
pat. no.34 
pat. no.35 
frequency and sensory urge 
dysuria 
frequency 
dysuria 
7 Patients still complained of urge, and two of these oatients were 
still incontinent. 
Gynecological examination showed good anatomical results in 43 patients; 
four patients complained of back-ache and one oatient complained of 
post-operative abdominal pain for which no cause was found. 
FURTHER EVALUATION 5 to 42 MONTHS AFTER VAGINAL OPERATION 
The same questionnaire that the BURCH patients were asked to com-
plete, was sent to the vaginal patients. 
40 (93%) returned the completed forms immediately; three months later 
a further two replied. 
Thus the total response was 97,7%. 
We again asked the patients if they were satisfied with the results of 
their operations, but it must be remembered that their initial com-
plaints were not only incontinence but also prolapse and possibly men-
strual disorders. They were also asked if they were continent, and if 
not, whether they had been made any better. 
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The answers were as follows: 
satisfaction with the surgical results: 
(n=42) satisfied 
moderately satisfied 
dissatisfied 
31 (73.8%) 
5 (11.9«) 
6 (14.37») 
After excluding pat. no.s 4,7,34 and 35 as previously mentioned we found: 
(n=38) satisfied and dry 
satisfied and improved 
satisfied and still wet 
moderately satisfied and dry 
moderately satisfied and wet 
moderately satisfied and improved 
dissatisfied and dry 
dissatisfied and wet 
dissatisfied but improved 
20 
6 
1 
0 
0 
5 
0 
2 
4 
(52.6%) 
(15.8%) 
( 2.6%) 
(13.2%) 
( 5.3%) 
(10.5%) 
12 Patients who were dry 6 weeks after operation later became wet 
again. Thus ± 1/3 of patients with an initially good result had re-
currence of incontinence within a half to three and a half years. 
One of the two patients who was still wet 6 weeks after surgery later 
improved. 
An objective study of the effectiveness of vaginal therapy would have 
to take into account such factors as the urodynamic diagnosis, XCCR, 
evaluation of the history and the clinical findings, and is outside 
the scope of a study primarily aimed at the etiology and investigation 
of female urinary incontinence. 
V.4.3. OPERATIONS OTHER THEN SPECIFICALLY FOR INCONTINENCE 
As shown in Fig.107, 8 patients had operations neither for inconti-
nence nor for prolapse. These operations were: four abdominal hyster-
ectomies, three laparoscopic sterilisations and one tubal ligation. 
These operations were not intended to influence urinary incontinence. 
The patients will be briefly described. 
Patient 1: 
abdominal hysterectomy was performed on a 45 yr.;P X, because of 
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metrorhagia and fibroids. She had complained of urgency and frequency 
with no incontinence and urodynamic analysis was normal. Therapy was 
uncomplicated. 6 Weeks later she had no complaints and three years 
later she was satisfied with her treatment and had very occasional 
incontinence. 
Patient 2: 
a 39 year old P. II with recurrent cystitis, metrorhagia and anaemia 
whose urodynamic analysis showed minimal detrusor instability had an 
uncomplicated abdominal hysterectomy. She had no complaints on further 
evaluation. 
Patient 3: 
a 33 year old Ρ I with a fibroid uterus, metrorhagia and lower abdo­
minal pain had an uncomplicated abdominal hysterectomy. She had had 
urodynamic detrusor instability without incontinence. 6 Weeks post­
operatively she still had frequency and urgency which was success­
fully treated with psychotherapeutic drugs. 
Patient 4: 
this 55 year old Para 0 complained of incontinence and depression. 
Urodynamic analysis suggested sphincter incontinence but this was un­
supported by all other investigations. Her fibroid uterus was removed 
abdominally. On the follow-up she had the same urinary complaints. 
Patient 5: 
a 29 year old Ρ III with sphincter incontinence complaints wanted to 
be sterilised. The urodynamic diagnosis was probable sphincter inconti­
nence but there was no other evidence for this. Laparoscopic sterili­
sation was performed. On follow-up her urinary complaints were the 
same. 
Patient 6: 
a 42 year old Ρ IV, was still incontinent after a prolapse operation 
elsewhere and wished to be sterilised. Urodynamic analysis suggested 
sphincter incontinence but this diagnosis was not supported. A tubal 
ligation was performed and she still had her urinary complaints at the 
time of follow-up. 
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Patient 7: 
a 30 year old Ρ III, wished to be steri li sed.She had minimal sphincter 
incontinence complaints which were confirmed urodynamically. After 
laparoscopic sterilisation her incontinence was unchanged. 
Patient 8: 
Urinary incontinence occurred in a 39 year old,Ρ IV a year after vaginal 
repair for prolapse complaints. She also wished to be sterilised. 
Minimal detrusor instability was demonstrated urodynamically. 2 Months 
after laparoscopic sterilisation she still had occasional incontinence. 
V.4.4. CONSERVATIVE THERAPY 
Conservative, i.e. non-operative, therapy was with drugs, pelvic 
floor exercises, or "tender loving care". 
104 patients (53.6% of our series) were so managed. 
The large study required for evaluation of conservative therapy is out­
side the range of the present investigation. 
This was a very heterogenous group including patients with mesonephric 
carcinoma of the vagina and urethral obstruction, cases following ra­
dical hysterectomy for cervical carcinoma, previous MARSHALL-MARCHETTI-
KRANTZ or GOEBEL STOECKEL operations, diabetics with bladder distur­
bances, arteriosclerotics and schizophrenics. 
It was impossible to analyse the results of our therapy in the same 
way that we did for the BURCH and vaginal groups because of this diver­
sity. 
41 Patients of this group were fully evaluated as in-patients. Most of 
them had had previous unsuccessful operations performed elsewhere for 
urinary incontinence. The remainder of the group were analysed as out­
patients. 
The conservative therapy group were also sent a letter requesting 
their views on treatment. The results were: 
no reply to the enquiry : 18 (17.3%) 
died : 4 ( 3.8%) 
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no urinary complaints,cured : 14 (13.5%) 
urinary deviation performed 
elsewhere : 2 ( 1.9%) 
unchanged incontinence com-
plaints : 31 (29.8%) 
improved but not cured : 35 (33.7%) 
Whereas 16 of the patients who were analysed without admission failed 
to answer our inquiry, only two of those who had been admitted for 
investigation did not reply. This could well mean that admission to 
hospital fosters a degree of confidence between patient and doctor 
and we are of the opinion that such a relationship is of great im-
portance in the management of such an emotionally laden complaint as 
urinary incontinence. 
The urodynamic, and not necessarily final, diagnoses in this group 
of patients were: 
detrusor incontinence : 46 (44.2%) 
sphincter incontinence : 33 (31.7%) 
mixed incontinence : 16 (15.4%) 
other diagnosis : 9 ( 8.7%) 
Although improvement and cure were sometimes remarkably rapid with 
conservative therapy progress was more often distressingly slow des-
pite a pharmacological battery which included such drugs as emeproniumbro-
nnde(CETIPRINR),propanthelinbromide(PRO-BANTHINER)and many others. 
The patients with previous surgery were in general the most difficult 
of this group to cure and it cannot be stressed too hard that the 
first operation for urinary incontinence is the one most likely to 
have a successful result. 
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CHAPTER VI 
SUMMARY 
This thesis describes the methods of investigation of patients complai-
ning of urinary incontinence. 
A study of the many investigative techniques developed and used in the 
last quarter of a century is necessary for a deeper insight into the 
complex mechanism of continence and incontinence. 
Thereafter the particular methods of investigation used in a series of 
194 patients is discussed. This was a heterogenous group of patients 
presenting with diverse urinary complaints. 
Chapter I describes the anatomy and physiology of the female lower uri-
nary tract. 
There is general agreement that the bladder wall, especially the 
bladder base, consists of three layers of smooth muscle: an innermost 
longitudinal layer, a middle circular layer and an outer logitudinal 
layer. Some fibers from the bladder wall continue down into the urethral 
wall. The urethra consists of a mucosa and two layers of smooth muscle: 
an inner circular and an outer longitudinal layer with much interwoven 
elastic tissue. The urethra is surrounded by fascia and ligaments. The 
striated musculature of the pelvic floor surrounds the distal portion 
of the urethra. 
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The primary sphincter mechanism of the bladder is probably situated in 
the bladder neck and the bladder base plate may well be of importance 
in this function. The secondary defence mechanism against incontinence 
may be the urethra and its surrounding structures. 
The innervation of the human lower urinary tract is still not complete-
ly understood: there is incomplete agreement in the literature. Both 
parasympathetic and sympathetic autonomic nervous systems are active, 
but the former is^probably the more important. There are close connec-
tions between the two systems. The somatic innervation is via the 
pudendal nerve which supplies the striated muscles of the pelvic floor 
probably including those fibers which surround the urethra. 
Chapter II defines sphincter and detrusor incontinence. It is suggested 
that the term stress incontinence be replaced by sphincter inconti-
nence ( the involuntary loss of urine per urethram when the intra-
vesical pressure exceeds the maximal urethral pressure in the absence 
of detrusor activity), and that the term urge incontinence should be 
changed to detrusor incontinence (inability to prevent loss of urine 
per urethram in combination with a strong desire to void; it may be 
motor in type with demonstrable detrusor contractions, or sensory in 
type without such contractions). 
In Chapter III the methods of investigation are described. 
The importance of a detailed history with the help of a urogynecolo-
gical check-list is stressed. It is pointed out that an overall view 
of the patient including her psychological and emotional states should 
be obtained. The various aspects of the physical examination are dis-
cussed. Special attention is paid to the gynecological examination 
because of the close topographical and functional approximation of the 
genital and lower urinary tracts. In the discussion of laboratory in-
vestigations the importance of urinary culture is discussed. 
Specific as well as general radiological studies are described. Atten-
tion is paid to the configuration of the bladder and urethra at rest 
and during micturition. Viewed laterally, the bladder is triangular 
in outline with the apex downwards. This apex is formed by the anterior 
part of the base plate. The urethra forms an angle with this base plate 
which has been given great diagnostic significance by many authors. 
We, however, are of the opinion that the absence of a posterior urethro-
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vesical angle signifies merely that the bladder neck is open. Special 
attention is paid to the radiological visualisation of the female 
pelvic organs using the cysto-urethro-colpo-hystero-rectogram. (XCCR) 
in three standard attitudes: at rest, tightening up and bearing down. 
The normal appearances are described, and the importance of the SCIPP-
line as an aid in interpretation is shown. The pathological appearances 
are described with the help of 9 examples. The lack of correlation 
between a vaginal prolapse and sphincter incontinence is demonstrated. 
The pathological changes of the bladder in detrusor incontinence are 
shown in two patients with previous surgery for a possible sphincter 
incontinence. 
The importance of the urodynamic techniques are discussed. Simultaneous 
measurement of the pressures in the rectum and bladder allows the dis-
covery of pure detrusor contractions and electromyography of the exter-
nal anal sphincter muscle is similarly important. The 5-channel recor-
ding of the intravesical and intrarectal pressures, the electromyo-
graphy and the flow and the time are described. Measurement of the ure-
tral pressure profile is also discussed. For this latter a catheter 
with multiple side-openings is slowly withdrawn along the urethra. 
Fluid is continuously infused via the side-openings while the pressure 
necessary for this flow to continue is measured. This investigation is 
not performed routinally by us and we do not give a detailed evaluation 
of its diagnostic value. Cystourethroscopy (using the CO-- cystoscope 
of ROBERTSON) as an integral part of the investigation of urinary in-
continence is described. Pathological changes of the lower urinary 
tract can be found with this method which has the additional advantage 
of allowing direct visualisation of the bladder neck during rises in 
intra-abdominal pressure. 
Chapter IV describes the patients in our series. We sought a possible 
relationship between age and body weight in patients with urinary in-
continence. There seemed to be a peak around 50 years of age amongst 
our incontinent patients, while the weight of these patients was sig-
nificantly higher than those of a control group. This difference was 
most striking in the shorter, younger patients. 
The urodynamic analysis was preceeded by a spontaneous micturition 
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directly into the flowmeter without catheters in any orifice . The 
maximum flow rate during this spontaneous micturition was significantly 
higher in patients with mixed incontinence (detrusor and co-existing 
sphincter incontinence) than in patients with probable sphincter in-
continence ( no abnonralities seen on urodynamic analysis, but a his-
tory of sphincter incontinence). Patients with neurogenic bladder dis-
turbances and sphincter stenosis had significantly lower maximum flow 
rates than did patients with definite sphincter incontinence (demon-
strable, pure sphincter incontinence during urodynamic analysis). 
A calibration of the apparatus and the positioning of the catheters 
is then discussed. The pressure transducer chambers should be posi-
tioned at the upper level of the symphysis pubis. 
The bladder was then filled with normal saline at room temperature via 
the transurethral catheter, a catheterisation for estimation of residual 
capacity having already been performed. The filling speed was 45 ml/min. 
The search for unstable contractions was enhanced (provocation tests) 
by increasing this filling speed to 100 ml/min. At 200 ml and 400 ml 
degrees of filling further micturitions were performed. 
Recordings were made after each 100 ml had been instilled and during 
the micturition processes. Further provocation tests were performed by 
attempting to influence the patients psychologically with talk about 
water, urge, and the sound of running water. Electromyography was again 
of great importance during this part of the analysis. A linear regres-
sion of the resting intravesical pressure on the degree of filling was 
calculated. This calculation is only possible in the absence of de-
trusor contraction (more likely to be seen in the region of the maximum 
capacity). This rise in resting intravesical pressure is ascribed by us 
to the increasing hydrostatic pressure above the open catheter. 
We divided micturition processes into 5 types on urodynamic findings: 
pure detrusor micturition, provoked detrusor micturition, assisted 
detrusor micturition, abdominal type of micturition and the dropping 
floor type. In this last type micturition proceeds merely through de-
crease of the intra-urethral pressure. The micturition pressure (=the 
amplitude of the pure detrusor pressure at the time of maximum flow) 
was obtained by subtracting the measured intrarectal pressure from the 
total intravesical pressure. 
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Mean values of 25.6 cm ^ O during the 200 ml micturition and 23.7 
cm H2O during the 600 ml micturitions were found. The time to maximum 
flow ( time from the commencement of flow to the time of maximum flow 
rate) appeared to be 1/3 to 1/4 of the total micturition time. Because 
of this we question the flowmetric model proposed by the International 
Continence Society. The maximum flow rate was proportional to the mic-
turition volume and a significant negative relationship was found be-
tween flow rate and age both for spontaneous and standardised mictu-
ritions. The maximum flow rate fell with increasing intrinsic intra-
vesical micturition pressure. A relationship between the maximum flow 
rate and the urodynamic diagnoses sphincter, detrusor or mixed inconti-
nence and "other diagnosis" could not be demonstrated for 200 and 600ml 
micturitions. The measurement of the mean flow rate (micturition volume 
divided by micturition time) plotted against micturition volume gave a 
wide scatter of values on which a second degree regression line could 
be calculated. The mean flow rates at spontaneous micturitions, 200 ml 
and 400 ml micturitions had a significant relationship with the uro-
dynamic diagnoses. Mean flow rates had increasing values in the groups 
"other diagnosis",sphincter incontinence, detrusor incontinence and 
mixed incontinence. There was no statistically significant relation-
ship between maximum capacity and age in our 194 patients: though there 
was such a relationship between maximum capacity and urodynamic 
diagnosis. Patients with detrusor incontinence had the lowest bladder 
capacity, followed by the capacities in the mixed and sphincter in-
continence groups. Patients with "other diagnosis" had the largest 
maximum capacities. Unstable contractions (= undulating wave complexes 
of detrusor pressure occurring spontaneously or after provocation, and 
excluding the detrusor pressure complexes during micturition, which 
were involuntary in character) were divided into continuous and dis-
continuous types. The continuous unstable patients (36% of the 194) 
showed involuntary bladder contractions during the whole urodynamic 
analysis. 
There was no significant relationship between the occurrence of these 
contractions and age. There was a significant negative relationship 
between maximum capacity and unstable contraction pressures from 
231 
200 ml—»-400 ml filling. Discontinuous unstable contractions were not 
statistically analysed. 
The phenomenon of "after-contractions" is described. 34.5% Of our 
patients showed these "reverberations" of the detrusor after the end 
of micturition, often with a greater amplitude than that seen during 
micturition, and occurring from the moment that the descending limb of 
the flow curve was half of the maximum. Analysis of patients with a 
history of incontinence during coughing showed surprisingly sometimes 
a detrusor incontinence, thus emphasising the diagnostic finesse of 
urodynamic analysis. Recording faults caused by blockage, kinking, 
displacement and air-bubbles within the catheters were not a serious 
problem. 
After the urodynamical investigation, which was generally performed on 
out-patients, further investigations, if indicated, were performed 
after admission to hospital. The results of the various components of 
the complete investigation of urinary incontinence are then discussed. 
These components should complement each other. 
Chapter V is a review of our therapy. A rigid scheme was not followed, 
each patient being treated on her own merrits. 
The therapy was divided into : 1) operations specifically for urinary 
incontinence (the BURCH plasty); 2) therapy primarily directed towards 
the cure of genital prolapse in which improvement of urinary inconti-
nence was possible (vaginal surgery); 3) therapy primarily directed 
towards other gynecological findings with no direct influence on the 
incontinence (abdominal hysterectomy, etc.); and 4) conservative the-
rapy. 
The BURCH operation is described. A colposuspension is performed using 
stitches placed in the ligaments of COOPER via an abdominal incision. 
The beneficial effect of this operation is based on the elevation of 
the bladder neck and straightening of the urethra. A correction of a 
cystocoele is an additional advantage. This operation is preferred to 
the MARSHALL-MARCHETTI-KRANTZ operation because there is no direct 
operative assault on the periurehtral tissues. 
The patients who had the BURCH operation are studied. There was also 
a remarkable difference between the occurrence of continuous and dis-
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continuous unstable contractions in this treatment group. 
Venous bleeding in the cave of Retzius was the most important operative 
complication, and some of the post-operative complications were a direct 
result of this. The incidence of post-operative urinary infections 
(51.4%) seems to justify routine post-operative chemoprophylaxis. The 
topographical changes after a colposuspension are shown. The results 
of follow-up are shown in a scheme. Although 83.3% of patients were 
satisfied with the operative results six weeks after surgery only 70% 
was still satisfied 2 to 48 months later. 
The patients operated on vaginally were similarly studied. These 
patients had a significantly higher parity than the other patients, and 
the relationship between parity and prolapse is confirmed. 
Pre-operative urinary infections were diagnosed in 9 patients (21.9%). 
49% Of the post-operative complications were urinary tract infections. 
The results of vaginal surgery are schematically represented. 
6 Weeks after operation 84.6% were dry and 5 to 42 months later only 
52.6% did not complain of urinary incontinence. 
Patients with other gynecological operations and conservative treat-
ment are briefly discussed. Conservative therapy was completely 
successful in 13.5%; 33.7% were improved, and 29.8% had the same com-
plaints. 
A further study of the therapy of urinary incontinence is outside the 
scope of this thesis which is primarily concerned with the investi-
gation of urinary incontinence. 
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SAMENVATTING 
In dit proefschrift worden de methoden van onderzoek toegepast bij 
patiënten met klachten van incontinentia urinae behandeld. 
Bestudering van de diverse methoden van onderzoek welke in de afgelo-
pen decennia werden gebruikt, is vereist om een nader inzicht te ver-
krijgen in het complexe gebeuren van continenti e en incontinentie. 
Vervolgens zal worden ingegaan op de methode van onderzoek die wij 
zelf hebben toegepast bij 194 patiënten. 
Deze groep patiënten had een heterogene samenstelling , en bood een 
scala van uiteenlopende mictieklachten en van verschillende vormen 
van incontinentia urinae. 
Hoofdstuk I behandelt de anatomie en fysiologie van de lagere urine-
wegen bij de vrouw. 
Vrijwel algemeen wordt aanvaard dat de blaaswand -met name de blaas-
basis- opgebouwd is uit drie lagen glad spierweefsel: een binnenste 
longitudinale laag, een middelste circulaire laag en een buitenste 
longitudinale laag. Sommige vezels van de blaaswand lopen in de urethra 
door. De urethra bestaat uit een mucosa met hieromheen twee lagen glad 
spierweefsel: eerst een circulaire laag en dan een longitudinale laag. 
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In de urethrawand wordt zeer veel elastisch weefsel aangetroffen. De 
urethra wordt omgeven door fasciestructuren en ligamenten. Met name 
in het distale gedeelte omringen dwarsgestreepte bekkenbodemspieren 
de urethra. 
Het primaire sphinctermechanisme van de blaas is waarschijnlijk ge-
legen in de blaashals, waarbij de "base plate" van belang wordt ge-
acht. Het secundaire verdedigingsmechanisme tegen incontinentie wordt 
gevormd door de urethra. 
De innervatie van de lagere urinewegen bij de mens is nog steeds niet 
volledig opgehelderd: in de literatuur worden tegenstrijdige verkla-
ringen aangetroffen. Bij de autonome innervatie spelen het para-
sympathische en sympathische zenuwstelsel beide een rol, waarbij het 
parasympathische systeem het belangrijkst lijkt te zijn. De beide 
systemen oefenen een wederzijdse befnvloeding uit. Als somatische 
component bij de innervatie speelt de nervus pudendus een rol bij de 
verzorging van de willekeurige spieren van de bekkenbodem en waar-
schijnlijk ook bij de dwarsgestreepte urethramusculatuur. 
Hoofdstuk II geeft een afbakening van de begrippen sphincter- en de-
trusor-incontinentie. Voorgesteld wordt de benaming "stress inconti-
nentie" te vervangen door "sphincter incontinentie" (onwillekeurig 
urineverlies per urethram wanneer de intravesicale druk de maximale 
urethrale druk overschrijdt bij afwezigheid van een detrusor-contractie) 
en de terminologie "urge-incontinentie" te wijzigen in "detrusor-
incontinentie" (niet te remmen urineverlies per urethram samengaand 
met een sterke mictiedrang, hetzij motorisch, waarbij een detrusor-
contractie optreedt, hetzij sensorisch, waarbij dit niet het geval is). 
In hoofdstuk III worden de methoden van onderzoek achtereenvolgens be-
sproken. 
Het belang van een grondige anamnese wordt aangetoond met behulp van 
een urogynaecologische vragenlijst . Er wordt gewezen op de nood-
zaak dat een totaalbeeld van de patiënte'wordt verkregen, met inbegrip 
van psychische en emotionele factoren. Het lichamelijk onderzoek vol-
gend op de anamnese wordt van verschillende kanten belicht. Speciale 
aandacht wordt geschonken aan het gynaecologisch onderzoek wegens de 
topografische en functionele verbondenheid van de tractus genitalis 
met de onderste urinewegen. 
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In de bespreking van de laboratorium-technieken wordt het belang van 
onderzoek van de urine op pathogène kiemen aangetoond. Behoudens de 
in sommige gevallen geïndiceerde algemene röntgenologische onderzoek-
technieken worden de specifieke röntgenonderzoeken besproken. Aandacht 
wordt geschonken aan afbeeldingen van de blaas en urethra in rust en 
tijdens het mictieproces. 
Bij zijdelingse opnamen heeft de blaas een driehoekige vorm, met de 
punt naar beneden. Deze punt wordt gevormd door het pars anterior van 
de basaalplaat. De urethra maakt ten opzichte van de basaalplaat een 
hoek, aan welk verschijnsel door vele auteurs diagnostische waarde 
wordt gehecht. Wij neigen echter tot de opvatting dat een verstreken 
achterste urethrovesicale hoek slechts betekent dat de blaashals ge-
opend is. 
Speciale aandacht wordt geschonken aan het röntgenologisch zichtbaar-
maken van de organen in het kleine bekken bij de vrouw middels het 
cysto-urethro-colpo-hystero-rectogram (XCCR) in de drie standaardop-
namen rust, afknijpen en persen. De normale afbeeldingen worden be-
sproken, waarbij het belang aangetoond wordt van de SCIPP-line als 
hulp bij de beoordeling. Aan de hand van foto-opnamen van een 9-tal 
patiënten worden pathologische afbeeldingen toegelicht met kenmerkende 
röntgenologische verschijnselen. Duidelijk wordt gemaakt dat de mate 
van prolaps van de vaginavoorwand niet correleert met de mate van 
sphincter-incontinentie. Pathologische vormveranderingen van de blaas 
in rust bij een detrusor-incontinentie, worden getoond, o.a. bij twee 
patiënten met verscheidene mislukte operaties in de anamnese wegens 
een vermeende sphincter-incontinentie. 
Vervolgens wordt het belang van de urodynamische technieken besproken. 
Simultane drukmeting in het rectum en de blaas maakt het opsporen van 
een zuivere detrusor-contractie mogelijk, waarbij electromyografie van 
de musculus sphincter ani externus onmisbaar wordt geacht. De gebruikte 
apparatuur voor de 5-kanalige registratie van de intravesicale druk, 
de intrarectale druk, de electromyografie, de "flow" en de tijd wordt 
beschreven. Ook de bepaling van het urethra-druk-profiel wordt be-
sproken. Hierbij wordt een catheter met verscheidene zijdelingse ope-
ningen langzaam vanuit de blaas via de urethra naar buiten getrokken. 
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Via de zijdelingse openingen wordt een continue vloei stofstroom in 
stand gehouden, terwijl de catheter de druk meet welke op deze vloei-
stofstroom wordt uitgeoefend door de wand van de urethra. Deze methode 
van onderzoek werd door ons niet als vaste regel uitgevoerd, en wij 
konden de specifieke diagnostische waarde van deze onderzoektechniek 
derhalve niet evalueren. De cystourethroscopie als onderdeel van het 
geïntregeerde onderzoek bij patiënten met incontinentia urinae, uit-
gevoerd met de CC^-gas cystoscoop van ROBERTSON, wordt besproken. 
Pathologische" veranderingen van de lagere urinewegen dienen met deze 
techniek opgespoord te worden, waarbij het een voordeel is dat het 
functioneren van de blaashals bij intra-abdominale drukverhoging en 
in rust direct zichtbaar is. 
In hoofdstuk IV wordt het patiëntenbestand besproken. Wij zochten hier-
bij naar een mogelijk verband tussen leeftijd en lichaamsgewicht en 
het optreden van incontinentia urinae. Incontinentia urinae bleek in 
onze groep hei meest voor te komen rond het 50e levensjaar, terwijl 
het gewicht van onze patiënten, vergeleken met dat van een controle-
groep, significant hoger lag. Vooral bij jongere patiënten met een 
kleine lichaamslengte was dit het geval. 
Het urodynamisch onderzoek werd voorafgegaan door een "spontane mictie", 
waarbij patiënte zonder catheters in situ e.d. direct uitplaste boven 
de flowmeter. De maximale flow rate bleek bij dit mictie proces bij 
patiënten met een gemengde incontinentie (=detrusor-incontinentie in 
combinatie met sphincter-incontinentie) significant hoger te zijn dan 
bij patiënten met uitsluitend een mogelijke sphincter-incontinentie 
(d.w.z. bij urodynamisch onderzoek geen afwijkingen waargenomen, 
anamnestisch echter sphincter-incontinentie). Bij patiënten met neuro-
gene blaasstoornissen en sphincter-sclerose was de maximale flow rate 
significant lager dan bij patiënten met een manifeste sphincter-
incontinentie (=aantoonbare, zuivere sphincter-incontinentie tijdens 
het urodynamisch onderzoek). 
Na de behandeling van de spontane mictie wordt de ijking van de appa-
ratuur en het juist aanbrengen van de catheters besproken. De druk-
kamers dienen hierbij op dezelfde hoogte gebracht te worden als de 
symphyse-bovenrand. 
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De blaas werd vervolgens door ons transurethraal gevuld met physiolo-
gisch zout op kamertemperatuur, nadat via catheterisatie een eventueel 
residu was opgespoord. De vulsnelheid bedroeg 45 ml/min; bij het op-
sporen van een "niet-stabiele blaas" werd deze snelheid opgevoerd tot 
100 ml/min, zulks als provocatietest. Bij vullingen met 200 ml en 
400 ml werden mictieopdrachten gegevenJGeregistreerd werd na iedere 
100 ml vulling alsmede tijdens het mictieproces. Psychogene beïnvloe-
ding van de patiënte middels gesprekken over water, mictiedrang en het 
laten lopen van een kraan, waren aanvullende provocatietesten, waarbij 
het electromyografisch onderzoek van even groot belang bleek te zijn 
als tijdens het mictieproces. Een lineaire regressie van de rustdruk-
ken bij lege blaas, bij 200 ml en bij 400 ml vulling, werd door ons 
berekend. Deze berekening is slechts van toepassing indien de detrusor 
niet contraheert; een contractietoestand van de detrusor bij het na-
deren van de maximale capaciteit werd niet meer als rustdruk beschouwd. 
De stijging van de intravesicale rustdruk werd door ons verklaard als 
een verhoging van de hydrostatische druk uitgeoefend door de vloei-
stofkolom boven de open-tip-catheter. 
Het mictieproces werd door ons op urodynamische gronden onderscheiden 
in 5 types: zuivere detrusor-mictie, uitgelokte detrusor-mictie, onder-
steunde detrusor-mictie, abdominaal mictiepatroon, en het "dropping 
floor"-type waarbij mictie slechts het gevolg lijkt te zijn van een 
verlaging van de intraurethrale druk. De mictiedruk (=amplitudo van de 
zuivere detrusordruk tijdens het maximum van de "flow") werd verkre-
gen door de intrarectaal gemeten druk in mindering te brengen op de 
intravesicale druk. Gemiddelde waarden van 25,6 cm H2O bij een mictie 
met 200 ml tot 23,7 cm H-O bij een mictie van 600 ml werden gevonden. 
De aanlooptijd (d.w.z. de tijd vanaf het ogenblijk waarop de urine-
flow begint tot het tijdstip waarop de maximale flow bereikt wordt) 
bleek ongeveer 1/3 tot i van de totale mictieduur te zijn. Mede hier-
om worden vraagtekens gezet bij het flowmetrische model zoals dit 
door de International Continence Society gepropageerd wordt. 
De maximale flowrate bleek significant toe te nemen bij groteremictie-
volumina, terwijl een significante negatieve relatie met de leeftijd 
werd aangetoond.zowel bij de spontane mictie als bij de standaard-
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vullingen. Bij een verhoging van de zuivere intravesicale mictiedruk 
bleek de maximale flowrate significant af te nemen. Een relatie tussen 
de maximale flow rate en de urodynamische groepen sphincter-inconti-
nentie, detrusor-incontinentie, mengvorm of "andere diagnose" kon bij 
het mictieproces bij 200 ml en 600 ml niet overtuigend aangetoond 
worden. De bepalingen van de gemiddelde flow rate (d.w.ζ. mictie-
volume gedeeld door mictieduur), uitgezet tegen het mictievolume, gaf 
een grote spreiding in de waarnemingen, waarbij een tweedegraads re­
gressielijn berekend kon worden. De gemiddelde flow rate bleek bij de 
spontane mictie, bij de mictie met 200 ml en bij de 400 ml-mictie 
significant te verschillen in de urodynamische patiëntengroepen. 
In de volgorde "andere diagnose", sphincter-incontinentie, detrusor-
incontinentie en mengvorm nam de gemiddelde flow rate toe. 
De berekende maximale capaciteit van onze 194 patiënten bleek geen 
statistisch significante relatie te vertonen met de leeftijd; wel was 
een significante relatie aanwezig tussen maximale capaciteit en uro-
dynamisch gestelde diagnose. 
Hierbij toonden patiënten met een detrusor-incontinentie de laagste 
waarde,gevolgd door de mengvorm en de sphincter-incontinentie-groepen, 
terwijl de patiënten met een"andere diagnose" de grootste maximale 
capaciteit bezaten. 
Niet-stabiele contracties (d.w.z. het optreden van intrinsieke intra-
vesicale drukstijgingen met een golvend karakter, spontaan optredend 
of na provocatietesten, met uitzondering van intrinsieke intravesicale 
drukverhoging tijdens een mictieproces) werden door ons onderscheiden 
in "continu niet-stabiel" en "discontinu niet-stabiel". 
De "continu niet-stabiele" patiënten (36% van onze 194) vertoonden on-
willekeurige blaascontracties tijdens het gehele urodynamisch onder-
zoek. In deze groep bleek geen significante relatie te bestaan met de 
leeftijd; de maximale capaciteit was bij deze patiënten significant 
lager wanneer de niet-stabiele contracties, optredend bij vulling van 
200 — 4 0 0 ml, bij de berekening betrokken werden. De "discontinu niet-
stabiele" contracties werden niet aan een verdere bewerking onder-
worpen. 
Het phenomeen van "na-contracties" wordt getoond. Hierbij zagen wij 
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bij 34,5% van onze patiënten na het beëindigen van de mictie een 
"na-galmen" van de detrusor, met vaak een grotere amplitudo dan tij-
dens het mictieproces, vaak langdurig en een aanvang nemend op het 
ogenblik dat het afdalend been van de flowcurve halverwege is. 
Het registreren van een vermeende sphincter-incontinentie (d.w.z. 
anamnestisch urine verlies tijdens hoesten) toonde op een verrassende 
wijze aan dat er sprake was van een detrusor incontinentie hetgeen 
het belang van het urodynamisch 'oplossend vermogen" onderstreept. 
Stoornissen in de registraties, veroorzaakt door verstopping, afkmk-
king, uitglijden en het ontstaan van luchtbellen in de catheters,vor-
men bij tijdige herkenning geen ernstige belemmering. 
Na het urodynamisch onderzoek, dat als regel poliklinisch werd uit-
gevoerd, werd een verdere analyse, indien vereist, klinisch verricht. 
De resultaten van de diverse onderdelen van het totale onderzoek bij 
incontinentia urinae werden hierna besproken, waarbij als leidraad 
werd aangehouden dat de verschillende onderdelen als een legpuzzel in 
elkaar dienden te passen. 
Hoofdstuk V geeft een overzicht van de verrichte therapie. Een strak 
en star schema werd m e t aangehouden, elk geval werd apart beoordeeld. 
De therapie wordt onderverdeeld in· 1) specifieke incontinentia-
urinae-operaties (de operatie volgens BURCH), 2) de therapie gericht 
op het opheffen van een genitale prolaps, waarbij verbetering van de 
incontinentie mogelijk is (vaginale operatieve therapie), 3) de the-
rapie die primair gericht is op het opheffen van andere gynaecologische 
afwijkingen (uterus-extirpatie e.d.) en 4) de conservatieve therapie. 
De operatie volgens BURCH, waarbij een colposuspensie wordt verricht 
door de vaginatoppen links en rechts aan het ligament van COOPER te 
hechten, wordt besproken. 
Het nuttig effect van deze operatietechniek berust op het omhoog-
brengen van de blaashals, het strekken van de urethra en tevens het 
opheffen van een cystocele. Doordat de directe omgeving van de urethra 
met in ons operatief handelen betrokken wordt, verdient deze methode 
o.i. de voorkeur boven de MARSHALL-MARCHETTI-KRANTZ-operatie. 
De groep patiënten die volgens de methode-BURCH geopereerd werd, werd 
aan een onderzoek onderworpen. Ook hier bleek het verschil tussen 
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continu-en discontinu met-stabiele contracties opmerkelijk.Bij de 
complicaties durante Operationen! bleek een veneuze bloeding in het 
cavum Retzn het meest voor te komen, en waarschijnlijk ook voor een 
deel de post-operati eve complicaties te veroorzaken. Het optreden 
van urineweg-infecties post-operatief (51,^ van de optredende compli-
caties) lijkt chemotherapie als routinebehandeling post-operatief te 
rechtvaardigen. De topografische veranderingen na een colposuspensie-
operatie worden getoond. De follow-up-resultaten werden schematisch 
samengevat, waarbij gebleken is dat van de 83,3^ patiënten die 6 weken 
post-operatief tevreden waren, bij de follow-up, 2 tot 48 maanden 
post-operatief, nog 7СГа tevreden was. 
De groep patiënten die vaginale operatieve therapie onderging werd op 
analoge wijze aan een onderzoek onderworpen. Opvallend was het verschil 
in pariteiten tussen de vaginale therapiegroep en de andere patiënt-
en, terwijl een toename van de pariteit een prolaps in de hand lijkt 
te werken. Pre-operatieve unneweginfecten werden bij 9 patiënten 
(21,9%) aangetoond, post-operatief zorgden zij voor 49% van de conpli-
caties. De resultaten van de vaginale operaties werden eveneens sche-
matisch samengevat. Bij de nacontrole na 6 weken was 84,6» droog, bij 
evaluatie 5 tot 42 maanden post-operatief had nog slechts 52,6% geen 
klachten van incontinentia urinae meer 
De patiënten die op andere gynaecologische gronden geopereerd werden, 
worden in het kort besproken, evenals de conservatieve therapie. 
Bij de conservatieve therapie werd in 13,5°) van de gevallen succes ge-
boekt; 33,7% verbeterde en 29,8% bleef onveranderd klachten houden. 
Een verdere studie van de therapie valt buiten het kader van dit proef-
schrift, waarin een behandeling van de diagnostiek primair is gesteld. 
242 
REFERENCES 
AARNOUDSE.J.G.,GELDERBLOM,H..and HUISJES,H.J. (1976) Opsporing van 
bactenune in de zwangerschap.Ned.T.Geneesk. 120,12: 513-517. 
AGERHOLM,M. (1975) Classification of Incontinence.Urol.int. 30:3-8. 
ALA-KETOLA,L (1973) Roentgen diagnosis of female stress urinary in-
continence;Acta Obstet.Gynecol.Scand.Suppl.23. 1-59. 
ALLERT,M.L.,and JELASIC.F. (1968) Elektromyographische Befunde am 
Blasen- und Analschliessmuskel víáhrend der Miktion. Neurogene 
Blasenstörungen: Tagung der Neurologische-Urologischen Arbeits-
gemeinschaft. Homburg/Saar. 1:18. 
ARNOLD,E.P.,WEBSTER,J.R.,LOOSE,H.,BROWN,A.D.G.,TURNER-WARWICK,R.T., 
WHITESIDE,С.G.,and JEQUIER.A.M. (1973) Urodynamics of female in­
continence ¡Factors influencing the results of surgery. Amer.J. 
Obstet.Gynecol.117:805-813. 
ASMUSSEN,M., and ULMSTEN.U. (1975) Simultaneous urethrocystometry and 
urethra pressure profile measurement with a new technique.Acta 
Obstet.Gynecol.Scand. 54:385-386. 
BACKMAN,K.A. and VON GARRELTS.B. (1963) Apparatus for recording Mictu-
rition. Acta Chir.Scand. 126:167-171. 
BACKMAN,Κ.Α.,GARRELTS,B.VON and SUNDBLAD.R. (1966) Micturition in nor­
mal women, Studies of pressure and flow. Acta Chir.Scand.132:403-
412. 
BALLJh.L. (1950) Topographic Urethrography. Amer.J.Obst.& Gynec. 
59:1243. 
BARNES,A.С (1940) A method for evaluation the stress of urinary in­
continence.Amer. J.Obst. & Gynec. 40:381. 
BATES,C.P. ,WHITESIDE,CG.,TURNER-WARWICK,R. (1970) Synchronous cine/ 
pressure/flow/cysto-urethrography with special reference to stress 
and urge incontinence. Brit.Journ.Urol. 42,714-723. 
BATES.C.P. and CORNEY.C.E. (1971) Synchronous cine/pressure/flow cysto­
graphy: a method of routine urodynamic investigation. Brit.Journ. 
Radiol. 44,44-50. 
BATES.C.P. (1971) Continence and incontinence^ clinical study of the 
dynamics of voiding and of the sphincter mechanism. Ann.Roy.Coll. 
Surg.Engl., 49, 18-35 
BATES,СР.,LOOSE,H. and STANTON,S.L.R. (1973) The objective study of 
incontinence after repair operations.Surg.Gynec.Obstet.136:17-22. 
243 
BAUMANN.W. (1955) Prüfung der Blasenphysiologie mit Cystometrie und 
Sphincterometrie. Urol.Internation. I;427-439. 
BECK,R.P.,and MAUGHAN.G.B. (1964) Simultaneous intraurethral and intra-
vesical pressure studies in normal women and those with stress in-
continence. Am.J.Obstet.& Gyn. 89:746-753. 
BECK,R.P.,THOMAS,E.A. and MAUGHAM,G.В. (1966) The detrusor muscle and 
urinary incontinence. Am.J.Obstet. & Gyn. 94: 483-489. 
BECK,R.P.,GROVE,D.,ARNUSCH,D.,and HARVEY,J. (1974) Recurrent urinary 
stress incontinence treated by the fascia lata sling procedure. 
Am.J.Obstet.& Gyn. 120: 613-621. 
BJERLE.P. (1974) Relationship between perivesical and intravesical 
urinary bladder pressures and intragastric pressure. Acta physiol. 
scand. 92: 465-473. 
BJERLE.P. (1974) Tension,Stress and Modulus of elasticity of the uri­
nary bladder wall. Acta physiol.scand. 92: 488-495 
BLUM, V.VON, EISLER.F. und HRYNTSCHAKJH. (1920) Zystoradioskopie. 
Wiener Klin.Wochenschr. 31: 677-680. 
ΒΟΝΝΕΥ,ν. (1923) On diurnal incontinence of urine of women. J.Obst. 
Gyn.Brit.Emp. 30:358 
BORS.E. (1948) A simple sphincterometer.Journ.Urol. 60: 287-289. 
BOTTACCINI.M.R. (1971) In: Hydrodynamics of micturition, pag.213 Ch. 
C.Thomas Publisher Springfield Illinois USA. 
BOYARSKI.S. and LABAY.P.C. (1976) Principles of bladder function. 
Abstracts. Internat. Continence Society Meeting Antwerpen,Belgium. 
BRAAKSMAjJ.T. (1970) Drukregistratie in de niet zwangere uterus in 
vivo.Thesis Vrije Universiteit Amsterdam.Drukk.Wed.G.v.Soest NV, 
Amsterdam. 
BRADLEY,W.E.,TIMM,G.W.,ROCKSWOLD,G.L., and SCOTT,F.B. (1975)Detruscr 
and urethral electromyography.J.Urol.114: 891-894. 
BROWN.M. and WICKHAM.J.E.A. (1969) The urethral pressure profile.Brit. 
Journ.Urol. 41: 211-217. 
BROWN,M. (1975) In-vivo determination of error in the measurement of 
urethral pressure by the method of Brown and Wickham.Brit.Journ. 
Urol. 47: 445-448. 
BRUIN,A.J.J.DE, (1958)"Stress" incontinence bij de vrouw en lusopera­
ties.Thesis.Rijksuniversiteit Utrecht, Van Gorcum & Comp.N.V. 
Assen. 
BRUIN,A.J.J.DE, (1959) Stress incontinentie en lus-operaties.Ned.T.v. 
Verlosk. en Gyn.;59: 312-322. 
BRUIN,A.J.J.DE, (1969) Colpocystopexie ter behandeling van stress-
incontinentie. Abstracts, Ned.Ver.ter bev.chir.wet.sch; 192. 
BRUIN,A.J.J.DE, (1973) Het cystometrisch onderzoek bij de vrouw. 
Ned.T.Geneesk. 117, 43:1630. 
BRUIN,A.J.J.DE, (1976) Personal communication. 
BRYNDORF.J., and SANDTE,E. (1960) The hydrodynamics of micturition. 
Dan.Med.Bull.7;65-71. 
BURCH,J.C., (1961) Urethrovaginal fixation to Cooper's ligament for 
correction of stress incontinence, cystocoele and prolapse. Amer. 
J.Obst. & Gynec. 81: 281-290. 
BURCH.J.C. (1968) Cooper's ligament urethrovesical suspension for 
stress incontinence. Amer.J.Obst. & Gynec. 100: 764-774. 
CALDWELL,K.P. (1972) Proc.roy.Soc.Med. 65: 833-834. 
244 
CARDUS,D.,QUESADA,E.M. and SCOTT,F.В. (1963) Studies on the dynamics 
of the bladder. J.Urol.Bait. 90· 425-433. 
CASSAMI ,S.,HAAG,В und DREHER,E. (1975) Die Harmnkontinenz der Frau. 
Urologe В 15:53-59. 
CHAVIGNY.K.H. und MOORE NUNALLY, D.S. (1975) Sauberes Auffangen von 
Harnproben bei Schwangeren.Gynak.Rdsch. 15: 177-184. 
CLARIDGE,M.,SHUTTLEWORTH,K.E.D. (1964) The dynamics of obstructed 
micturition. Invest.Urol. 2: 188-199. 
COLLETTE,H.J.A. (1976) Thesis, to be published. Rijksuniversiteit 
Utrecht, Holland. 
COSGROVE,M.D.,JONES,W.G.,LA JOIE.W.J..KAPLAN,P.E. and MORROW,J.W. 
(1974) Electromyographic studies of human urinary bladder.Urology, 
3: 239-242. 
CRISP,W.E. (1965) Editorial. What's the angle ? Obst.and Gynec. 26: 
918-919. 
DENNY-BROWN,D and ROBERTSON,E.G. (1933) On the Physiology of mictu­
rition. Brain. 56: 149-190. 
DIXON,J.,GOSLING
>
J.and CL0W,W.M.(1975)Abstracts, vth annual confer­
ence International Continence Society.Glasgow. 
DOLFF.J.J.C. und LENZ.W. (1974) Eigene Modifikation der Nylonschlingen-
plastik bei schweren Harninkontinenzen. Geburtsh.u.Frauenheilk. 
34: 1055-1059. 
D0NKER)P.J.,IVAN0VICI,F. and NOACH.E.L. (1972) Analysis of the urethral 
pressure profile bv means of elertmmyography and the administra­
tion of drugs. Brit.J.Urol.44· 180-193. 
DONKER,P.J.,STERLING,A.M.,DE GOEJE.P en 0UWERKERK,Th. (1976) Recente 
ontwikkelingen in de toepassing van de urinedruppelspectrometer. 
Ned.T.Geneesк. 120,15;680. 
DOYLE,P.T.,EDWARDS,L.E.,HARRISON,N.W..MALVERN,J.,and STANTON,S.L. 
(1974) Treatment of urinary incontinence by external stimulating 
devices. Urol.Int. (Basel) 29: 450-457. 
DOYLE,P.T.,STANTON,S.L.,and HILL,D.W. (1974) Electromyography of the 
detrusor, a method of investigation of normal and abnormal detru­
sor function. Brit.J.Urol. 46. 25-30. 
DOYLE.P.T.,HILL,D.W., and STANTON.S.L. (1975) Electromyography of the 
detrusor muscle. The Journ. of Urol.114: 208-212. 
DRACH.G.W., and 3INARD,W. (1976) Disposable peak urinary flowmeter 
estimates lower urinary tract obstruction. Journ.of Urol. 115: 175-
179. 
DRAKE,W.M.jr. (1948) The uroflowmeter: an aid to the study of the 
lower urinary tract. Journ.of Urol.59: 650-658 
DREHER,E.,CASSANI,S. und HAAG,В.(1975) Urodynamischer Messplatz zur 
Erfassung von Miktionsstorungen in der Gynäkologie. Gynak.Rdsch.15: 
240-249. 
DUNN,M.,SMITH,J.C., and ARDRAN.G.M. (1974) Prolonged bladder disten-
sion as a treatment of urgency and urge incontinence of urine. 
Brit.J.Urol. 46: 645-652. 
DUTTON,W.A.W. (1960) The urethrovesical angle and stress incontinence. 
Canad.M.Ass.J. 83: 1242-1245. 
EDWARDS,L.and MALVERN,J. (1972) Electronical control of incontinence: 
a critical review of the present situation. Brit.J.Urol.44. 467-
472. 
245 
EDWARDS,L. and MALVERN,J. (1973) Long-term follow-up results with the 
pubo-vaginal spring device in incontinence of urine in women; com-
parision with electronic methods of control. Brit.J.Urol.45: 103-
108. 
EDWARDS,L.E. (1973) The investigation and management of incontinence 
of urine in women. Ann.Roy.Coll.Surg.Engl. 45: 69-85. 
EDWARDS,L and MALVERN,J. (1974) The urethral pressure profile: theo­
retical considerations and clinical application. Brit.J.Urol. 46: 
325-336. 
ELBADAWI.A. and SCHEftK,Ε.Α., (1974) A new Theory of the innervation 
of bladder musculature. Part 4. Innervation of the vesicourethral 
junction and external urethral sphincter. J.Urol. Ill: 613-615. 
ELLIOTT,T.R. and LEWES, G.H. (1907) The innervation of the bladder 
and urethra. J.Physiol.Lond.35: 367-445. 
ELMER,M (1974) Inhibitory bèta-adrenoceptors in the urinary bladder 
of the rat. Life Sciences.Vol. 15: 273-280. 
ELMER,M (1974) Action of drugs on the innervated and denervated uri-
nary bladder of the rat. Acta Physiol.scand. 91: 289-297. 
ENDSLEY,L.G.,HAWTREY,C.E.,VERVAIS)P., and KEETTEL,W.C. (1975) Treat-
ment of urinary incontinence in women using an intravaginal 
tarsette. J.Urol. 114: 50-52. 
ENHÖRNING,G (1961) Simultaneous recording of intravesical and intra-
urethral pressure. Acta Chir.Scand. Sppl. 276: 1-68. 
ENHORNING.G.,MILLER,E.R., and HINMAN.F. (1964) Urethral closure 
studied with cineroentgenography and simultaneous bladder-urethra 
pressure recording. Surg.Gyn. & Obst. 118: 507-516. 
ESKESjT.K.A.B. (1962) De druk in de menselijke uterus voor, tijdens 
en na de baring. Thesis, Katholieke Universiteit Nijmegen. 
Centrale Drukkerij NV.Nijmegen. 
PARRAR,D.J.,WHITESIDE,CG.,OSBORNE,J.L.,and TURNER-WARWICK, R.T. (1975) 
A urodynamic analysis of micturition symptoms in the female.Surg. 
Gynec. & Obst. 141: 875-881. 
FISCHER.W.jUnd LAMM.D (1973) Bedeutung.Wertung und Entwicklung der 
Deszensus- und Inkontinenzoperationen an der Berliner Universitäts-
Frauenklinik (1952 bis 1971) Zent. Bltt.f.Gynäk. 34: 1169-1179. 
FISCHER,W. (1974) Komplexprogramm zur Diagnostik und Therapieopti-
mierung der Harninkontinenz bei der Frau. Z.ärztl. Fortbild. 68; 
20: 1103-1110. 
FRANCIS,W.J.A. (1960) The onset of stress incontinence. J.Obst, and 
Gynec.Brit.Comm. 67:899-903. 
FRANKSSON.C, and PETERSEN,! (1953) Electromyographic recording from 
the normal human urinary bladder,!nternal urethral sphincter and 
ureter.Acta Physiol.Scand. 29, SupollOo: 150-156. 
FRIMODT-M0LLER, С.(1972) A new method for quantitative evaluation of 
bladder sensibility. Scand.J.Urol.Nephrol.6:suppl.15:135. 
FRIMODT-M0LLER,C. (1974) A urodynamic study of micturition in healthy 
men and women.Dan.Med.Bull. 21;2: 41-47. 
GARDINER,S.H..CAMPBELL,J.A..GARRETT,R.A. and SCHELL,H.R. (1961) Cine-
radiographic studies of female urinary continence. Am.J.Obst. & 
Gynec. 82: 1112-1124. 
GARRELTS.B.VON. (1956) Analysis of micturition. A new method of re­
cording the voiding of the bladder. Acta Chir.Scand. 112: 326-340. 
246 
GARRELTS,B.VON, (1957) Intravesical Pressure and urinary flow during 
micturition in normal subjects. Acta Chir.Scand. 116: 49-66 
GIESEN , J.E. (1974) Stress incontinence: a review of 270 Marchetti 
operations. Aust.N.Z.J.Obstet.Gynaec. 14: 216-219. 
GLEASON,D.M., and LATTIMER.J.K. (1962) The pressure-flow study: a 
method for measuring bladder neck resistance. J.Urol.87: 844-852. 
GLEASON,D.M.,BOTTACCINI
>
M.R.PERLING,D., and LATTIMER.J.K. (1967) 
A challenge to current urodynamic thought.J.Urol.97:935-940. 
GLEASON,D.M.,REILLY,R.J.,BOTTACCINI,M.R., and PIERCE,M.J. (1974) 
The urethral cont.zone and its relat.to stress incont.J.Urol.112:81. 
GLEN.E.S. and ROWAN,D (1973) Continuous flow cystometry and ure­
thral pressure profile measurement with monitored intravesical 
pressure: a diagnostic and prognostic investigation. Urol.Research. 
1,97-100. 
GLEN,E.S.,SAMUELS,B.M.,MACKENZIE,I.M., and ROWAN,D. (1976) Maximum 
perineal stimulation for urinary incontinence. Urol.int.31: 134-
136. 
GRABER,P.,LAURENT,G. and TANAGH0,E.A. (1974) Effect of abdominal 
pressure rise on the urethral profile.An experimental study on dogs. 
Invest.Urol.12: 57-63. 
GREEN,Th.H.jr. (1962) Development of a plan for the diagnosis and 
treatment of urinary stress incontinence. Am.J.Obst. & Gynec. 83: 
632-648. 
GREEN,Th.Η.,jr. (1968) The problem of urinary stress incontinence in 
the female. An appraisal of its current status. Obst.Gynec.Surv., 
23.603-634. 
GRIFFITHS,D.J. (1973) The mechanics of the urethra and of micturition. 
Brit.J.Urol., 45-497-507. 
GHONEIM,M.A.FRETIN,J.,ROTTEMBOURG,J.L., and SUSSET,J.G. (1975) The 
urethral pressure profile, a study of errors and reproducibility. 
Abstracts; Intern. Cont.Soc.Meeting,Glasgow, Scotland. 
HARER,W.B.,jr. and GÜNTHER,R.E. (1965) Simplified urethrovesical sus-
pension and urethroplasty. Am.J.Obst. & Gynec. 91: 1017-1021. 
HARRISON,N.W., and CONSTABLE,A.R. (1970) Urethral pressure measure-
ment: a modified technique. Brit.J.Urol.42:229-233. 
HAYD0N,G.B.,B0SSERT,L.J.,AICHH0LZ,D., and BENINTENDI ,R. (1963) Urinary 
stress incontinence. Am.J.Obst. & Gynec. 86: 11-15. 
HEIDENREICH,J. und FRANTZEN,Ch. (1975) Funktionelle Formen der Reiz-
blase,Urethritis Atrophicans. Arch.fur Gynak.219;l-4:202. 
HEIN,P.R. (1972) De contráctiliteit van de uterus tijdens de menstru-
ele cyclus en na toediening van geslachtshormonen Thesis,Vrije 
Universiteit Amsterdam.Drukkerij van Denderen,Groningen. 
HERTZ,M.(1973) Cystourethrography, a radiographic atlas. Excerpta me-
dica, 1973,Amsterdam. 
HINMAN,Fr..jr.,MILLER,G.M..NICKEL,E.,and MILLER,E.R. (1954) Vesical 
physiology demonstrated by cineradiography and serial roentgeno-
graphy. Radiol.62, 713-719. 
HOCHULI,E.,HOFER,U.,und BOTSCHI,СН. (1975) Operative Behandlung der 
schweren Unmnkontinenz II. Die Indikation fur typische Inkonti­
nenz-Operationen und deren Ergebnisse. Geburtsh.u.Frauenhk. 35: 
181-189. 
HODGKINSON.C.P. (1953) Relationships of the female urethra and bladder 
in urinary stress incontinence Am.J.Obst. & Gyn. 65: 560-573. 
247 
HODGKINSON,C.P.,KELLY,W.T. (1958) Urethrovesicopubic relationships and 
urinary stress incontinence. Am.J.Obst. & Gynec. 76: 1114-1131. 
HODGKINSON.C.P., and COBERT.N. (I960) Direct urethrocystometry. Am.J. 
Obst. & Gynec. 79: 648-664. 
HODGKINSON.C.P.,DRUKKER,B.H., and HERSHEY, G.J.C. (1963) Stress urinary 
incontinence in the female. VIII.Etiology,significance of the short 
urethra. Am.J.Obstet. & Gynec. 86: 16-28. 
HODGKINSON,C.P.,AYERS
>
M.A., and DRUKKER, B.H. (1963) Dyssynergic de­
trusor dysfunction in the apparently normal female. Am.J.Obst. & 
Gynec. 87: 717-730. 
HODGKINSON.C.P. (1965) Stress urinary incontinence in the female. 
Collective review. Surg.Gynec. & Obstet. 120: 595-613. 
HODGKINSON, J.С (1970) Stress urinary incontinence-1970. Am.J. Obstet. 
& Gynec. 108: 1141-1168. 
HUTCH,J.A. (1965) A new Theory of the anatomy of the internal urinary 
sphincter and the physiology of micturition. Invest.Urol.3: 36-58. 
HUTCH,J.A. (1966) A new theory of the anatomy of the internal urinary 
sphincter and the physiology of micturition. II The base plate. 
J.Urol. 96: 182-188. 
HUTCH, J.Α., and ELLIOTT,H.W. (1968) Electromyographic study of elec­
trical activity in the paraurethral muscles prior to and during 
voiding. J. Urol.99: 759-765. 
HUTCH,J.Α.,and SHOPFNER.Ch.E. (1968) The lateral cystogram as an aid 
to urologie diagnosis. J.Urol.99:292-296. 
HUTCH,J.A. (1972) Anatomy and physiology of the bladder, trigone and 
urethra. Appleton Century Crofts Publishing division of Prentice 
Hall, Inc.New York,USA. 
INGELMAN-SUNDBERG.A. (1952) Urinary incontinence in women, excluding 
fistulas. Acta Obstet.Scand. 31: 266-291. 
INGELMAN-SUNDBERG.A. (1975) Urge incontinence in women. Acta Obstet. 
Gynec.Scand.54: 153-156. 
JANSSENSjJ. (1956) Diagnostiek en behandeling van stress incontinence 
bij de vrouw. THESIS. Rijksuniversiteit Groningen. Van Gorcum & 
Comp.NV.Assen. 
JANSSENS.J (1959) Die Resultate einer urethrozystographisch differen­
zierten operativen Behandlung der Stress-Inkontinenz. Geburtsh. u. 
Frauenheilk. 19: 992-1002. 
JEFFC0ATE,T.N.A.,and ROBERTS,H. (1952) Stress incontinence of urine. 
J. Obstet.and Gynec. Br.Emp. 59:685. 
JEFFCOATE.T.N.A., and ROBERTS,H.(1952) Observations on stress inconti­
nence of urine. Am.J.Obstet. & Gynec. 64: 721-738. 
JEFFCOATE.T.N.A., and ROBERTS,H. (1954) The effects of urethrocysto-
pexy for stress incontinence. Surg.Gynec.Obstet. 98: 743-752. 
JEFFCOATEJ.N.A., and FRANCIS.W.J.A. (1966) Urgency incontinence in 
the female.Am.J.Obstet. & Gynec. 94: 604-618. 
JONAS,U. and TANAGHO,E.A. (1975) Abstracts International Continence 
Society, meeting Glasgow, Scoti. 
KAISER>E.,LÖCH,E.G.,REMMELE,W.JGACA,A. (1975) Hat die Reizblase der 
Frau ein biologisches Substrat ? Arch.für Gynäk.219; 1-4:241 
KARAMAT ALI,M.H. (1965) Extravesicale ureteruitmondingen bij de 
vrouw. THESIS Rijksuniversiteit Groningen. Van Gorcum & Comp. 
Assen. 
248 
KARLSON.S (1953) Experimental studies on the functioning of the female 
urinary bladder and urethra. Acta.Obstet.Gynec. Scand. 32:285 
KAUFMAN,J.J. (1957) A new recording uroflowmeter: a simple automatic 
device for measuring voiding velocity.J.of Urol.78:79 - 102. 
KENNEDY.W.T. (1946) The muscle of micturition. Its role in the sphinc-
ter mechanism with reference to incontinence in the female.Am.J. 
Obstet. & Gynec. 52: 205-217. 
KIESSWETTER,H. (1974) Das Urethraldruckprofil unter Medikamenten , 
Östrogenen, bei neurogenen Störungen und bei Stressinkontinenz. 
Urol.Int. 29: 190-204. 
KRANTZ.K.E. (1951) The anatomy of the urethra and anterior vaginal 
wall. Am.J.Obst.& Gynec. 62: 374-386. 
LAPIDES,J. (1958) Structure and function of the internal vesical 
sohincter. The J.of Urol. 80: 341-353. 
LAPIDES,J.,ΑϋΕΠΙΑΝ,Ε.P.,STEWART,B.HjBREAKEY.B.A.3and LICHTWARDT,J.R. 
(1960) Further observations on the kinetics of the urethrovesical 
sphincter. J.Urol.84: 86-94. 
LAPIDES,J.,AJEMIAN.E.P.,STEWART,B.H.,LICHTWARDT,J.R. and BREAKEY.B.A. 
(1960) Surg.Gyn. & Obstet. Ill: 224-231. 
LAPIDES,J. (1961) Stress incontinence. J. Urol. 85: 291-294. 
LAPIDES,J. (1971) Simplified operation for stress incontinence. J.Urol. 
105:262. 
LAZAREVSKI,M.,LAZAR0V,A.,N0VAK,J.,and DIMCEVSKI,D. (1975) Colpocysto-
graphy incases of genital prolapse and urinary stress incontinence 
in women. Am.J.Obstet.&Gynec. 122: 704-716. 
LOW,J.A. (1964) Clinical characteristics of patients with demonstrable 
urinary incontinence. Am.J.Obstet.& Gynec. 88: 322-335. 
LOW,J.A. (1967) Management of anatomic urinary incontinence by vaginal 
repair. Am.J.Obstet. & Gynec. 97: 308 - 315. 
LUND,C.J.,BENJAMIN,J.Α.,TRISTAN,Τ.Α.,FULLERTON.R.E.,RAMSEY,G.H., and 
WATSON,J.S. (1957) Cinefluorographic studies of the bladder and 
urethra in women. Am.J.Obstet.& Gynec. 74: 896-908. 
MARBERGER.H. (1971) Flow characteristics. In: Hydrodynamics of mictu­
rition. Ch.C.Thomas Publisher.Springfield.Illinois.USA; 
MARCHETTI,A.A. (1949) The female bladder and urethra before and after 
correction for stress incontinence. Am.J.Obstet. & Gynec. 58:1145-
1154. 
MARCHETTI,A.A. (1956) Urinary incontinence. J.A.M.A. 162:1366-1368. 
MARCHETTI,Α.Α.,MARSHALL,V.F.,SHULTIS.L.D. (1957) Simple vesicourethral 
suspension. Am.J.Obstet.& Gynec. 74: 57-63. 
MARSHALL,V.F., MARCHETTI,A.A., and KRANTZ, K.E. (1949) The correction 
of stress incontinence by simple vesicourethral suspension. Surg. 
Gynec.Obstet. 88: 509-518. 
MARTIN.S and GRIFFITHS,D.J. (1975) Abstracts: Pressure profile measure­
ments in urethral models:what does the Brown-Wickham method measure? 
What does it tell us about continence? Internat.Continence.Soc. 
Meeting,Glasgow, Scot!. 
MARTINEZ-PINEIRO,J.A. (1974) Incontinencia de esfuerzo en la muier. 
Arch.Esp. Urol.5: 533-574 
McGUIRE,E,J.,LYTTON,B.,PEPE,V.,and KOHORN.E.I.(1976) Stress urinary 
incontinence. Obstet. & Gynec.47: 255-264. 
MERRILL,D.C.,BRADLEY,W.E., and MARKLAND,С (1972) Air cystometry.11.a 
clinical evaluation of normal adults. J.Urol. 108: 85-88. 
249 
MEUNIER.P.,HOLLARD,Ρ, et ΗΛΒΟΖΙΤ,Β. (1975) Technique et interpretation 
de la cystomanométrie dans la vessie neurologique de l'enfant. 
J.d'Uro!, et de Néphr. 10-11:745-758. 
MOOLGAOKER,A.S.,ARDRANsG.M.,SMITH,J.C.,and STALLWORTHY.J.A. (1972) The 
diagnosis and management of urinary incontinence in the female. 
J.Obstet.Gynec.Brit.Comm. 79: 481-497. 
MORGAN,J.E. (1973) The suprapubic approach to primary stress urinary 
incontinence. Am.J.Obstet.& Gynec. 115: 316-320. 
№ELLNER,S.R.,and FLEISCHNER,F.G. (1949) Normal and abnormal mictu­
rition: a study of bladder behaviour by means of the fluorescope. 
J. Urol. 61: 233-243. 
MEULLNER.S.R. (1949) The physiologic components of the urinary bladder. 
Their clinical significance. New.Engl.J.Med. 241: 769-772. 
MURPHY,J.J., and SCHOENBERG,H.W^1960) Observations on intravesical 
pressure changes during micturition. J.Urol.84: 106-110. 
NEMOY.N.J., and GOVAN.D.E. (1969) Urinary continence in the absence 
of an intact external sphincter. J. Urol.102: 200-204. 
NICHOLS,D.H., and MILLEY.P.S. (1973) Identification of pubourethral 
ligaments and their role in transvaginal surgical correction of 
stress incontinence. Am.J.Obstet.& Gynec. 115: 123-128. 
NILSEN,P.A. (1958) Cystourethrography in stress incontinence. Acta 
Obstet.Gynec.Scand. 37: 269-285. 
NOLL.L.E. and HUTCH,J.A. (1969) The SCIPPline-an aid in interpreting 
the voiding lateral cystourethrogram. Obstet. & Gynec. 33: 680-609. 
NOREL.D.A.E. (1956) Anatomy of the trigonum vesicae and the aetiology 
and treatment of spontaneous and traumatic obstetrical urogenital 
fistulae. THESIS: Rooms-Katholieke Universiteit.Nijmegen. Dekker & 
van de Vegt NV. Nijmegen. 
NEMIR.A., and MIDDLETON.R.P. (1954) Stress incontinence inyouna nulli-
parous women,statistical study.Am.J.Obstet. & Gynec. 68: 1165. 
PALMTAG,H.,BOETTGER,F.,STAHL,J., and RÖHL,L. (1975) Simultaneous cine-
urographic and manoflowmetric evaluation of the neurogenic conno-
nent in incontinence. Urol.Int. 30: 77-84. 
PEREYRA,A.J.,and LEBHERZ,TH.B.(1967) Combined urethrovesical susoen-
sion and vaginourethroplasty for correction of urinary stress in-
continence. Obstet.& Gynec. 30 : 537-546. 
PETERSEN,I.,FRANKSSON.C,and DANIELSON.C.O. (1955) Electromyographic 
study of the muscles of the pelvic floor and urethra in normal 
females. Acta Obstet.Gyn.Scand.34: 273-285. 
POLLAK.V. (1971) The waveshape of action potentials recorded with 
different types of electromyographic needles.Med.& Biol.Engng.9: 
657-664. 
RICHTER,К. (1972) Die operative und konservative Behandlung des insuf-
fizienten Blasenverschlusses der ^rau.Geburtsh.u.Frauenh.k.32:1-12. 
RICHTER,K.,KÜMPER,H.J., und K0CH,J. (1975)· Funktionelle Risiken bei 
der Therapie der Harnblasen-Verschluss-Insuffizienz oder des Des-
zensus. Wien.klin.Woch.sehr. 2: 41-44. 
RITTER,R.C.,ZINNER,Ν.Ρ.,ΡΑΟυΐΝ,Α.Ο.jr. (1964) Clinical urodynamics П . 
Analysis of pressure-flow relations in the normal female urethra. 
J.Urol.91: 161-165. 
RITTER,R.C.,STERLING,A., and ZINNER,N.R. (1970) Clinical urodynamics. 
IV. Use of physical princioles in studies of the lower urinarv 
tract. Invest.Urol.8: 91-102.. 
250 
ROBERTS,Α. (1976) Personal communication. 
ROBERTS,Η. (1952) Cystourethrography in women. Bri t.J.Radiol. 25: 
253-259. 
ROBERTSON,J.R. (1968) Air Cystoscopy.Obstet.Gynec.32:328-330 
ROBERTSON,J.R. (1973) Gynecologic urethroscopy. Am. J. Obstet & Gynec. 
115: 986-990. 
ROBERTSON, J.R. (1974) Ambulatory gynecologic urology. Clin.Obstet. 
Gynec. 17/3: 255-276. 
ROBERTSON,J.R. (1974) Gas cystometrogram with urethral pressure pro­
file. Obstet. & Gynec. 44: 72-76. 
ROSS,R.Α., and SHINGLETON.H.M. (1969) Vaginal prolaose and stress uri­
nary incontinence. 'Jest Virg Med.J. 65 77-79. 
ROTTEMBOURG,J,-L.,FRETIN ,J.
s
GHONEIM,M.A., et SUSSET,J.G. (1975) Le 
profil uretral. Journ.d'Urol. et de Nëphr. 6: 391-404. 
RUTTE, B. VON. (1970) Die Reizblase der Frau. Ferdinand Enke Verlag 
Stuttgart. Germany. 
RUTTE,В. VON.(1975) Entstehung und Behandlung der weiblichen Reiz­
blase. Urologie B.15. 48-52. 
SCHAFER,W. .MELCHIOR,H. (1975) An engineering approach to bladder 
pressure flow relationship. Abstracts: Intern.Contm.Soc.Glasgow, 
Scoti. 
SCHONBERG,L.Α.,WENTZEL.G.M.,and HIGGINS.L.W. (1963) Urethrocystography, 
a practical office procedure in the evaluation and treatment of 
stress incontinence. Am.J.Obstet.& Gynec. 86: 995-997. 
SCHREITER,F. (1975) Pressure response Curve and dynamic functional 
length of the urethra: new urodynamic criteria in the diagnosis 
and differential diagnosis of stress and urge incontinence. 
Abstracts: Intern.Contin. Soc. Glasgow.Scoti. 
SEMM.K (1975) Die Reizblase. Urologe B.15. 43-47. 
SHELLEY,T., and WARRELL.D.W. (1965) Measurement of intravesical and 
mtra-urethral pressure in normal women and in women suffering from 
incontinence of urine. J. Obstet.Gynec.Br.Comm. 72: 926-929. 
SHINGLETON.H.M. BARKLEY,К.L., and TALBERT,L.M. (1966) Management of 
stress urinary incontinence in the female. Use of the chain cysto-
gram. South.Med.J. 59:547-552 
SHOPFNER,C.E., and HUTCH,J.A. (1967) The trigonal canal. Radiol. 88: 
209-221 
SHUTE.W.B. (1973) Vaginal repair and abdominal suspension of the va­
gina with resultant cure of stress incontinence. Zentr.Bltt.Gynak. 
34: 1180-1191. 
SHUTTLEWORTH.K.E.D. (1970) Incontinence.Bri t.Med.J. 4: 727-729. 
SMITH,J.C,EDWARDS,D., and BRYANT ,G.H. (1966) A practical method of 
measuring urethral resistance to micturition.Brit.J.Urol. 38: 
542-546. 
SMITH,J.С (1968) Urethral resistance to micturition. Brit.J.Urol. 40: 
125-155. 
SOMMERKAMP,H. (1974) Zur operativen Behandlung der weiblichen Harn-
inkontinenz. Fortschr. Med. 92/ 30· 1202-1207. 
STAMEY,Th.A.,SCHAEFFER,A.J.and CONDY.M. (1975) Clinical and roentgen-
ographic evaluation of endoscopic suspension of the vesical neck 
for urinary incontinence.Surg.Gynec.Obstet. 140: 355-360. 
STÖCKLI.A. (1962) Die Urethroskopie als diagnostische Methode bei 
Stressinkontinenz.Geburtsh.u.Frauenh.к. 22. 1382-1390. 
251 
SUSSET,J.G. ,SHOUKRY,I. ,SCHLAEDER,G.,CLOUTIER,D.,and DUTARTRE.D.(1974) 
Stress incontinence and urethral obstruction in women: value of 
uroflowmetry and voiding urethrography. J. Urol. Ill: 504-513. 
SUSSET,J.G.,DUTARTRE.D.,LERICHE.A.,and ROUGEHONT,M. (1976) Urodynamic 
assessment of stress incontinence and its theraneutic implications. 
Surg.Gynec.Obstet. 142: 343-352. 
TANAGHO,E.A.,and PUCH.R.C.B. (1963) The anatomy and function of the ure­
terovesical junction. Br.J.Urol.35:151-164 
TANAGHO.E.Α.,MILLER,E.R.,MEYERS,F.H..CORBETT.R.K. (1966) Observations 
on the dynamics of the bladder neck. Brit.J.Urol.38: 72-84. 
TANAGHO,E.A.,SMITH,D.R. (1966) The anatomy and function of the bladder 
neck. Br.J.Urol.38: 54-71. 
TANAGHO.E.A. ,and SMITH, D.R. (1968) Mechanism of urinary continence.I. 
Embryologie, anatomic and pathologic considerations.J.Urol. 100: 
640-646. 
TANAGHO.E.A.,SMITH,D.R. and MEYERS,F.H. (1968) The trigone: anatomical 
and physiological considerations.2.in relation to the bladder neck. 
J.Urol.100 : 633-639. 
TANAGHO,Ε.Α.,MEYERS,F.H., and SMITH,D.R. (1969) Urethral resistance: 
its components and implications.il.Striated muscle comoonent. 
Invest.Urol.7: 195-205. 
TANAGHO.E.A.,and MEYERS,F.H. (1969) The internal sphincter: is it 
under sympathetic control ? Invest.Urol.7: 79-89. 
TANAGHO,Ε.Α.,and MILLER,E.R. (1970) Initiation of voiding. Br.O.Urol. 
42: 175-183. 
TANAGHO.E.A. (1971) Interpretation of the physiology of micturition. 
In: Hydrodynamics of micturition.Ch.Thomas,Publisher,Springfield, 
Illinois,USA. 
TANAGHO.E.A.,and McCURRY,E(1971) Pressure and flow rate as related to 
lumen caliber and entrance configuration.J.Urol.105: 583-585. 
TANAGHO,Ε.Α.,MILLER,E.R.,LYON,R.P.,and FISCHER,R. (1971) Snastic 
striated external sphincter and urinary tract infection in girls. 
Brit.J.Urol.43: 69-82. 
TANAGHO.E.A.,and MILLER,E.R. (1972) Abnormal voiding and urinary tract 
infection. Inter.Urol.Nephrol. 4(2):165-173. 
TANAGHO.E.A.,and MILLER,E.R. (1973) Functional considerations of ure­
thral sphincteric dynamics. J. Urol. 109: 273-278. 
TANAGHO.E.A. (1974) Simolified cystography in stress urinary inconti­
nence. Br.J.Urol. 46: 295-302. 
TOEWS.H.A. (1967) Intraurethral and intravesical pressures in normal 
and stress-incontinent women. Obstet.& Gynec. 29: 613-624. 
TORRENS,M.J.,ABRAMS,P.H.,DUNN,M.,COLLINS,CD.,TRIBE,В.,LEWIS,P.M.,and 
FENELEY.R.C.L. (1975) Abstracts: the definition and clinical asso­
ciations of the hyperactive bladder.AbstractsJntern.Continence 
Soc. Glasgow.Scoti. 
TORRENS,M.J..and COLLINS,CD. (1975) The urodynamic assessment of 
adult enuresis. Br.J.Urol. 47: 433-440 
TURNER-WARWICK,R.T. (1975) Some clinical aspects of detrusor dysfunc­
tion. J. Urol. 113: 539-544. 
TURNER-WARWICK,R.T. (1975) personal communication. 
ULLERY.J.C (1953) Stress incontinence in the female. Grune & Stratton, 
New York.USA. 
252 
WANKLING,W.J.,BROWN,B.H.,COLLINS,C.D., and DUTHIE, H.L. (1968) Basal 
electrical activity in the anal canal in man. Gut: 9: 457-460. 
WARRELLjD.W. (1965) Investigation and treatment of incontinence of 
urine in women who have had a prolapse repair operation. Br.J.Urol. 
37: 233-239. 
WESSON,M.B. (1920) Anatomical, embryological and physiological studies 
of the trigone and neck of the bladder. J.Urol. 4: 279-315. 
WHITESIDE,CG. and ARNOLD,E.P. (1975) Persistent primary enuresis: a 
urodynamic assessment. Brit.Med.J. 1: 364-367. 
WILSON,E.A.,SPRAGUE,A.D.,and NAGELL,J.R. Van, jr. (1973) Suprapubic 
cystostomy in gynecological surgery: a comparision of two methods. 
Am.J.Obstet.& Gynec. 115: 991-994. 
WISER,W.L.,MORRISON,J.С,LOVEDAY,G.L.,McINTOSH,R.E.,KENNEDY,B.S.,SHAW, 
B.H., and FISH,S.A. (1974) Management of bladder drainage following 
vaginal plastic repairs. Obstet.Gynec. 44:1: 65-71. 
WOLINjL.H. (1969) Stress Incontinence in young, healthy nulliparous fe­
male subjects. J. Urol. 101: 545-549. 
W00DBURNE,R.T. (1960) Structure and function of the urinary bladder. 
J.Urol. 84: 79-85. 
ZACHARIN.R.F. (1963) The suspensory mechanism of the female urethra. 
J. Anat.Lond. 97:3: 423-427. 
ZINNER.N.R. and PAQUIN.A.J. jr. (1963) Clinical urodynamics: I.Studies 
of intravesical pressure in normal human female subjects. J . Urol. 
90: 719-730. 
253 
CURRICULUM VITAE 
De auteur van dit proefschrift werd op 16 augustus 1941 geboren te 
Haarlem. Hij behaalde het einddiploma HBS-3 aan het Sint Camsius 
College te Nijmegen in 1961, waarna hij aan de Katholieke Universi-
teit te Nijmegen en daarna aan de Rijks Universiteit te Groningen 
geneeskunde studeerde.In 1969 werd het arts examen afgelegd, waarna 
auteur tot 1 jum 1971 werkzaam was als dienstplichtig militair arts 
bij het IIe gemebataljon. Na enkele maanden waarneming in de huis-
artsenpraktijk te Epse en een assistenschan interne afdeling van 
het St.Jozef Ziekenhuis te Deventer, begon hij op 1 november 1971 
met de opleiding tot vrouwenarts in de A-opleidingsklimek voor 
Gynaecologie en Obstetrie (Hoofd: dr.A.J.J. de Bruin) van het 
St. Camsius Ziekenhuis te Nijmegen. De opleiding werd in het laatste 
jaar voltooid op 1 november 1976 aan de Universiteitskliniek voor 
Obstetrie en Gynaecologie (Hoofden: Prof. dr. J.L. Mastboom en Prof. 
dr. T.K.A.B. Eskes) van het St. Radboud Ziekenhuis te Nijmegen. 
254 
STELLINGEN 
I 
Het flowmetrische model, geadviseerd door de International Continence 
Society, lijkt niet aan de werkelijkheid getoetst te zijn (dit proefschrift) 
II 
Het lichaamsgewicht van vrouwelijke patiënten met incontinentia unnae is 
significant hoger dan bij een vergelijkbare controlegroep (dit proefschrift) 
III 
De mogelijkheid dat een colposuspensie volgens BURCH een gunstig therapeu-
tisch neveneffect heeft op de detrusorfactor bij een gemengde vorm van 
incontinentia unnae, lijkt niet uitgesloten (dit proefschrift) 
IV 
De maximale flow-rate bij het mictieproces vertoont een sterke afhankelijkheid 
van het mictievolume, en een significante negatieve relatie met de leeftijd, (dit 
proefschrift) 
V 
„Unstable contractions" behorende bij een motorische detrusormcontinentie 
dienen bij het urodynamisch onderzoek doorlopend aanwezig te zijn en ten 
minste 14 cm H2O- druk te bedragen, bij een onderzoeksduur van minstens 
1 uur. (dit proefschrift) 
VI 
Het electromyografisch onderzoek van de bekkenbodem en omgevende struc-
turen is een onmisbaar onderdeel van het urodynamisch onderzoek, (dit 
proefschrift) 
VII 
Hogere intrinsieke intravesicale drukken tijdens het mictieproces leiden niet 
vanzelfsprekend tot een stijging van de maximale flow-rate, (dit proefschrift) 
VIII 
In de zakelijke overzichten van de complicaties bij abortus provocatus wordt 
waarschijnlijk bewust afgezien van de kindersterfte en het in hoge mate afwezig 
zijn van deze complicatie bij het niet verrichten van de ingreep. 
IX 
Het bruikbare en overzichtelijke Repertorium Verpakte Geneesmiddelen dat 
kosteloos halfjaarlijks aan de in Nederland gevestigde praktizerende artsen 
wordt toegezonden, werkt een onnodige stijging in de kosten van de gezond-
heidszorg in de hand. 
X 
Het is op dit moment niet geheel duidelijk hoe het nieuwe curriculum in de 
opleiding van de aanstaande artsen kan bijdragen tot de volksgezondheid 
enerzijds en de geneeskunde anderzijds. 
XI 
Palpatie van de gravide uterus door de warme en begrijpende hand van de 
obstetricus dient ook na het aanleggen van uitwendige tococardiografische 
apparatuur, in de ontsluitingsperiode niet achterwege te blijven. 
XII 
Het moge op zijn minst merkwaardig worden geacht, dat de Nederlanders, die 
qua historie beroemd zijn om hun voortdurend gevecht tegen het water, 
aangaande de incontinentia urinae geen leidende wereldpositie innemen. 
XIII 
De waarde van een vrouw is niet in hele getallen uit te drukken; indeling van 
een vrouw in afzonderlijke hokjes leidt onvermijdelijk tot breuken. 
stellingen behorende bij het 
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